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APPENDIX  D 
AIR  QUALITY 

With  the  constantly  increasing  air  traffic  throughout  the  last  two 
decades  it  has  become  increasingly  obvious  that  airport  operations 
contribute  significant  sources  of  visible  air  pollution,  and  that  they 
generally  impact  upon  the  quality  of  air  within  airport  environs  .   Thus , 
investigations  have  been  conducted  during  recent  years  focusing  upon 
the  nature  and  control  of  airport-related  air  pollution  emissions . 

The  Air  Quality  Act  of  1967  and  the  Clean  Air  Amendments  of  1970 
gave  impetus  to  a  series  of  studies  related  to  aircraft  emission  control 
technology,  aircraft  exhaust  measurements,  and  the  impact  of  aircraft 
emissions  on  air  quality.  1/   Furthermore,  the  U.S.  Environmental 
Protection  Agency  (EPA)  has  enacted  emission  standards  for  aircraft. 
The  emission  standards  for  new  and  in-use  gas  turbine  engines ,  new  and 
in-use  piston  engines,  and  new  and  in-use  auxiliary  power  units  have 
already  taken  effect  and  will  extend  through  1981. 

The  production  of  pollutants  from  airport  sources ,  including  aircraft , 
ground  access  vehicles,  airport  service  vehicles,  stationary  sources 


1/       See  selected  references  at  the  end  of  this  appendix  for  a  complete 
description  of  these  studies  . 
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(maintenance  operations,  fuel  storage,  heating  plants,  etc.)  and  con- 
struction operations,  is  a  widely  acknowledged  fact.  A  study  entitled 
"Nature  and  Control  of  Aircraft  Engine  Exhaust  Emission,"  by  the  Northern 
Research  and  Engineering  Corporation  for  the  Department  of  Health, 
Education  and  Welfare  (HEW)  found  the  density  of  airport  related  emissions 
and  resulting  pollutant  concentrations  are  comparable  to  emission  densities 
and  concentrations  of  the  same  pollutants  from  other  sources  in  adjacent 
communities,  (1)   It  was  further  concluded  in  the  HEW  study  that  the 
principal  impact  of  airport-related  emissions  is  local  in  nature.  Thus, 
airport-related  emissions  are  typically  considered  in  terms  of  their  effect 
on  the  air  quality  within  the  airport  and  adjacent  communities . 

1.  INTRODUCTION 

As  part  of  the  RASS ,  the  Bay  Area  Air  Pollution  Control  District 
performed  a  study  in  1971  (Aviation  Effect  On  Air  Quality)  to  predict 
air  quality  conditions  at  several  Bay  Area  airports,  including  SFIA .  This 
study  indicated  that  in  1972,  aircraft  contributed  approximately  1.5  percent 
of  all  air  contaminant  emissions  in  the  Bay  region,  and  that  by  1985,  this 
contribution  would  increase  to  approximately  6.0  percent  because  of  increased 
air  travel  together  with  decreased  emissions  from  automotive  sources . 

The  proposed  terminal  expar>sion  at  SFIA  in  and  of  itself  will  not  cause 
increased  air  pollution  in  the  Bay  region  or  in  the  environs  of  SFIA .  Air- 
craft and  ground  access  traffic  which  ar*e  the  major  contributors  of  air 
pollution  at  the  airport,  will  be  the  same  in  future  years  whether  or  not  the 


proposed  terminal  complex  expansion  is  implemented.  However,  the  opera- 
tional efficiency  of  the  airport  is  highly  dependent  upon  the  degree  to  which 
the  facility  is  developed  to  accommodate  the  inevitable  increases  in  traffic . 
The  resulting  efficiency,  expressed  in  terms  of  both  aircraft  and  motor 
vehicle  movements  and  delays,  will  in  turn  affect  air  quality. 

With  the  above  in  mind,  the  San  Francisco  Airports  Commission, 
undertook  this  study  in  December,  1974  to  provide  a  more  recent  investi- 
gation of  the  effect  of  SFIA  operations  on  air  quality  and  to  specifically 
address  the  question  of  the  probable  impact,  if  any,  of  the  proposed 
terminal  expansion  on  air  quality.  The  investigation  included  air  quality 
monitoring  in  the  vicinity  of  SFIA,  an  emission  inventory  and  dispersion 
modeling . 

(1)      Purpose  and  Scope 

The  air  quality  analysis  was  performed  in  order  to  provide 
an  assessment  of  the  effects  of  the  SFIA  expansion  program  and 
associated  airport  operations  upon  air  quality  at  the  airport  and 
surrounding  environs .  The  results  of  the  analysis  formed  part 
of  the  basis  for  the  overall  evaluation  of  the  potential  significant 
environmental  effects  of  the  proposed  airport  development. 

The  analysis  involved  the  examination  of  existing  and  future 
air  quality  by  estimating  air  pollutants  associated  with  airport-related 
activities.   These  activities  include: 


Aircraft  operations 

Ground  access  traffic  (on  and  off  airport) 


Service  vehicle  operations 

Stationary  sources 

Hangars  and  maintenance  operations 
Heating  units 

Storage  and  transfer  of  fuel 

The  estimates  of  air  quality  were  used  to  ultimately  determine 
compliance  with  State  of  California  and  National  Ambient  Air  Quality 
Standards  (NAAQS)  at  the  airport  and  surrounding  environs. 

Six  scenarios  were  selected  which  formed  the  scope  of  the 
air  quality  evaluation .  These  scenarios  are  presented  in  the  table 
below: 

Annual  Air  V 
Passenger  Demand 


Scenario 

Time  Frame 

Airport  Configuration 

(Millions) 

1 

1974 

Existing 

16.2 

2 

1982 

No  Further  Development 

24.4 

3 

1982 

Proposed  Development 

24.4 

4 

1990 

No  Further  Development 

31.0 

5 

1990 

Proposed  Development 

31.0 

Without  BART  Link 

6 

1990 

Proposed  Development 

31.0 

With  BART  Link 

The  operational  data  utilized  in  the  analysis  of  each  of  the  six 
scenarios  are  those  presented, in  Appendix  A,  Airport  Facility 
Requirements  and  Appendix  C,  Ground  Access.   These  data  are 
described  in  subsequent  sections  ©f  this  appendix. 


y        The  air  passenger  demand  in  this  context  is  given  in  terms 
of  total  on  and  off  passengers  . 


(2)  Approach 


The  air  quality  evaluation  was  accomplished  by  two  basic 
approaches.   These  included: 

Emission  inventory  of  all  significant  airport-related  and 
non-airport  (near  vicinity)  activities  which  generate  air 
pollution 

Atmospheric  dispersion  modeling,  which  gives  consideration 
to  the  spatial  distribution  of  emissions  developed  in  the 
inventory,  and  the  effects  of  meteorological  conditions 
on  resultant  pollutant  concentrations 

The  results  of  the  emission  inventory  were  used  to  assess  the 
contribution  to  the  total  emission  load  on  the  region  of  airport- 
related  activities,  while  the  results  of  the  dispersion  modeling 
provided  an  indication  of  compliance  with  State  of  California  and 
NAAQS  .  In  addition,  both  techniques  provided  a  relative  measure 
of  the  effects  on  air  quality  of  the  six  scenarios  previously  described. 
The  emission  inventory  and  dispersion  modeling  techniques  are 
described  in  detail  in  Section  4  of  this  appendix,  entitled  Evaluation 
Methodology . 

The  pollutants  considered  in  the  air  quality  evaluation 
included  the  following: 

Carbon  monoxide 
Total  hydrocarbons 
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Oxides  of  nitrogen 
Sulphur  dioxide 
Particulate  matter 
Oxidant 

Emission  factors  for  the  various  airport  and  non-airport  sources  were 
based  on  EPA  data  as  reported  in  AP-42,  Compilation  of  Emission 
Factors  (2)  .  Data  requirements  for  the  modeling  effort  included 
detailed  descriptions  of  aircraft  and  ground  support  vehicle  activity, 
airport  stationary  sources ,  and  mobile  source  activity  for  the  airport 
and  its  environs .  — ^ 

The  analysis  also  included  the  assessment  of  the  variable 
"vehicle  miles  traveled"  (VMT)  for  each  of  the  six  scenarios. 
The  estimated  VMT  for  each  scenario  is  an  indication  of  the  average 
round  trip  distance  which  ground  access  traffic  would  accrue  (on 
and  off  airport)  traveling  to  and  from  the  airport .  The  importance 
of  VMT  in  the  analysis  is  to  demonstrate  compliance  with  the  State 
of  California  "Transportation  Control  Strategies"  and  "Air  Quality 
Implementation  Plans"  for  critical  regions  (3)  .   These  strategies 
call  for  minimization  of  VMT  for  these  critical  regions . 


During  the  analysis  phase,  the  effect  of  a  one  year  postponement  of  automotive  emission 
control  standards  was  investigated  and  found  to  effect  resulting  emissions  in  1982  and  1990 
by  less  than  two  percent.   Therefore,  the  effect  of  the  one  year  postponement  was  not 
included  in  the  analysis. 
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2.        LOCAL  SETTING 


The  object  of  this  section  is  to  provide  information  for  assessing  the 
air  pollution  impacts  of  the  airport  development  alternatives.  Specifically, 
the  regional  level  of  air  pollution  is  examined,  and  the  situation  close  to 
the  airport  is  discussed  in  some  detail.  Data  which  describe  the  regional 
meteorological  conditions  are  also  presented . 

The  quality  of  the  air  in  a  given  region  is  determined  primarily  by 
two  factors  .   These  are: 

The  kinds  and  amounts  of  contaminants  introduced  into  the 
atmosphere  by  anthroprogenic  and  natural  sources  in  the 
region 

The  effective  volume  of  air  available  for  dilution,  and  the 
residence  time  of  the  pollutants  in  the  effective  volume. 
These  factors  are  determined  by  the  region  wide 
climatological  features 

To  a  lesser  extent,  contaminants  generated  in  other  regions  throughout 
the  world  contribute  to  the  ambient  pollution  level  by  means  of  the 
complex  atmospheric  transport  processes .  To  properly  assess  the 
impacts  of  further  development  of  the  airport,  the  quality  of  the  ambient 
air  and  the  factors  which  affect  it  must  be  defined  or  described . 

(1)      Ambient  Air  Quality 

San  Francisco  International  Airport  (SFIA)  is  one  of  many 
complex  sources  of  air  pollution  in  the  Bay  area.   The  nine  county 
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Bay  area  has  been  identified  as  an  Intra-state  Air  Quality  Control 
Region  (AQCR)  as  defined  by  the  U.S.  EPA  (4)  and  by  the  California 
Air  Resources  Board  (5)  .  Generally,  the  total  daily  emissions  of 
pollutants  into  the  air  of  the  Bay  Area  have  been  significantly 
reduced  from  the  historic  high  levels  during  the  late  1960's.  An 
exception  to  this  trend  has  been  some  of  those  pollutants  which  are 
developed  by  fuel  combustion:    nitrogen  oxides,  sulphur  dioxides 
and  particulate  matter.  Exhibit  D-1,  on  the  following  page,  shows 
the  historical  data  and  trends  in  average  daily  emission  developed 
by  the  Bay  Area  Air  Pollution  Control  District  (BAAPCD)  . 

The  San  Francisco  Bay  Intra-state  Air  Quality  Control  Region 
is  operating  under  the  California  Transportation  Control  Plan  (3) 
which  was  promulgated  by  the  U.S.  EPA  on  November  11,  1973. 
This  plan  sets  forth  an  implementation  plan  for  achieving  and 
maintaining  the  NAAQS  for  photochemical  oxidant  as  well  as  the 
standards  for  carbon  monoxide,  nitrogen  oxides,  and  non-methane 
hydrocarbons .  A  summary  of  the  impacts  of  the  elements  of  the 
transportation  control  strategy  for  the  San  Francisco  Bay  Region 
in  1977  are  shown  in  Exhibit  D-2,  following  Exhibit  D-1.  It  is 
noted  that  the  EPA  in  formulating  control  strategies  for  the  San 
Francisco  Region  adopted  use  of  national  control  strategies  for 
aircraft  rather  than  imposing  stricter  controls  for  the  region . 
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EXHIBIT  D-1 
San  Francisco  International  Airport 
HISTORY  AND  TRENDS  IN 
AMBIENT  AIR  QUALITY 


Th«  dettad  portions  of  th«  curve*  b«loit 
Indicate  projactlons  Into  tba  fuCur*.  . 

The  projected  Increatet  In  particulate  and 
sulfur  dioxide  emlasloni  are  because  of 

the  Rreiter  fuel  oil  usage  oencloned  on 
p.  10.     Organic  emisslont  continue  Co  de* 
cline  as  automotive  control  requlreaentt 
become  Increasingly  stringent.  Nitrogen 
oxide  cnlssions  continue  to  climb  with 
energy  consumption  even  though  there  will 
be  soma  reduction  because  of  motor  vehicle 
controla. 

Projections  Into  the  future  assuae  that 
fuel  oil  will  b«  available  in  sufficient 
quantity  to  meet  our  demands.     If  energy 
shortagesdevelope,  the  PARTICULATE, 
NITROGEN  OXIDES,  and  SULFUR  DIOXIDE  curves 
may  not  Increase  as  steeply  as  shovs  In 
this  report. 
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Source  Inventory  of  Air  Pollutant  Emission 
in  the  San  Francisco  Bay  Area  (7) 


EXHIBIT  D-2 
San  Francisco  International  Airport 
SUMMARY  OF  IMPACT  OF  CONTROL 
STRATEGIES  IN  SAN  FRANCISCO 
BAY  REGION  IN  1977 


Emissions  and 
Reductions/day 
of  reactive 

 Source  of  pollution  and  control  measures  hydrocarbons  

Stationary  source  emissions  in  1977  without  control  225 
strategy - 

Expected  reductions: 

1.  Gasoline  marketing  vapor  recovery   -138 

2.  Surface  coating,  dry  cleaning,  and  degfeasing 

controls   -  37 

Stationary  source  emissions  remaining   50 

Mobile  source  emissions  in  1977  without  proposed 

control  strategy  t--  201 

Expected  reductions: 

1.  Reductions  from  only  EPA-promulgated  VMT 

control  strategies  assuming  an  11  percent 

VMT  reduction.  ^-  -   -  14 

2.  Light-duty  motor  vehicle  inspection  and  mainte- 

nance and  catalytic  converter  retrofit   -  33 

3.  Motorcycle  emissions  regulation   -  6 

4.  VMT  reductions  necessaty  from  additional  control 

strategies  to  be  implemented  in  1977   -  73 

Mobile  emissions  remaining   75 

Total  emissions  remaining   125 

2 

Allowable  emissions  to  attain  standards.     125 

Using  optimistic  assumptions  and  estimates  of  both  EPA  and  local  VMT  reduction  measures, 
a  total  reduction  of  32  percent  VMT,  or  41  tons/day  could  occur. 

2 

Based  on  linear  rollback  model. 


Percent 
Reduction 
Per  Measure 


45.8 
12.3 


4.  7 

11.  0 
2.  0 

24.  2 


Source:  Fed.  Reg.  38,  217.  31244 

Nov.  12,  1973. 


The  BAAPCD  maintains  a  monitoring  station  at  Burlingame, 
California  which  is  about  two  miles  southwest  of  SFIA .  The  station 
records  data  on  carbon  monoxide,  oxidant,  sulphur  dioxide,  and 
suspended  particulate  matter.  Exhibit  D-3,  on  the  following  page, 
shows  the  monthly  average  and  maximum  high  hour  concentration  of 
oxidant  for  the  years  1973  and  1974.-'^  This  exhibit  also  shows  the 
number  of  days  per  month  on  which  the  NAAQS  for  oxidaht  was 
exceeded  during  the  period.  Exhibit  D-4,  following  Exhibit  D-3, 
shows  the  average  and  maximum  high  hour  concentrations  of 
carbon  monoxide  measured  at  the  Burlingame  station.  Exhibits 
D-5  and  D-6,  which  follow  Exhibit  D-4,  show  the  average  concentration 
data  record  for  sulphur  dioxide  and  the  monthly  geometric  mean  for 
suspended  particulate  matter . 

The  BAAPCD  does  not  monitor  oxides  of  nitrogen  at 
Burlingame  so  that  monthly  data  for  this  pollutant  is  not  available 
from  that  station.  The  Redwood  City,  California  BAAPCD  station, 
which  is  10  miles  south  and  east  of  SFIA,  does  record  oxides  of 
nitrogen,  and  this  data  record  of  1973  and  1974  is  given  as 
Exhibit  D-7.  Hydrocarbons  which  are  mainly  of  concern  as  a 
reactive  element  in  the  production  of  photochemical  oxidants,  are 
not  measured  by  the  BAAPCD  network  since  the  BAAPCD  has 
measuring  capability  for  oxidant  directly . 
Data  is  published  monthly  in  Reference  (8) 
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EXHIBIT  D-3 
San  Francisco  International  Airport 

HIGH  HOUR  OXIDANT 
CONCENTRATIONS  AT  BURLINGAME 


Source:    Landrum  and  Brown 


EXHIBIT  D-4 
San  Francisco  International  Airport 
MONTHLY  AVERAGE  HIGH  HOUR 
CARBON  MONOXIDE  CONCENTRATIONS 
AT  BURLINGAME 
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EXHIBIT  D-5 

San  Francisco  International  Airport 

AVERAGE  OF  MONTH'S  24  HOUR 

SULPHUR  DIOXIDE  MEASUREMENTS 

AT  BURLING AME 
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Source:    Reference  (8) 

EXHIBIT  D-6 
San  Francisco  International  Airport 
MAXIMUM  OF  MONTH'S  24  HOUR 
SUSPENDED  PARTICULATE 
MEASUREMENTS  AT  BURLINGAME 
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-f  ederal  Stmd.irr  s  Annual  geometric  Mean:  75  yug/m 
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Source:    Reference  (8) 
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EXHIBIT  D-7 
San  Francisco  International  Airport 
MONTHLY  AVERAGE  OF  HIGH  HOUR 
NITROGEN  DIOXIDE  MEASUREMENTS 
AT  REDWOOD  CITY 
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These  data  records  show  the  extent  and  frequency  of  air 
pollution  problems  in  the  vicinity  of  SFIA,  especially  in  areas  of 
high  residential  land  use .  Only  in  the  case  of  oxidants  are  there 
frequent  and  substantial  deviations  from  the  standards .  Suspended 
particulate  matter  standards  were  exceeded  twice,  only  in  October, 
1971  and  again  in  October,  1974,  at  the  Burlingame  station.  The 
standards  for  carbon  monoxide  and  sulphur  dioxide  have  not  been 
exceeded  during  the  two  year  period  reported . 

(2)  Climatology 

The  subject  of  region  wide  climatology  was  reviewed  in  detail 
in  1971  in  the  Aviation  Effects  on  Air  Quality  (9)  .   This  report  forms 
the  basis  for  the  following  discussion . 

The  nine  counties  of  the  San  Francisco  Bay  Area  together 
form  an  air  basin  as  defined  by  state  and  federal  agencies .  Pollutants 
are  dispersed  and  transported  within  such  a  basin  so  that  their 
control  requires  common  action  on  an  areawide  basis .  The  shared 
problem  does  not,  however,  imply  a  homogeneity  or  uniformity 
of  meteorological  conditions .  Weather  differences  throughout  the  Bay 
Area  are  startlingly  large,  particularly  in  summer.  From  the  coast 
inland  some  forty  miles  to  the  Livermore  Valley ,  afternoon  surface 
temperatures  may  increase  by  40  to  50  degrees  F,   San  Francisco's 
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typical  WNW  summer  sea  breeze  may  be  manifested  as  ESE  at  San 
Rafael,  SSW  at  Richmond,  WSW  at  Fairfield,  NNW  at  San  Jose, 
and  NNE  at  Mountain  View  . 


This  variability  results  from  the  complex  physiography  of 
the  Bay  Area.  The  Pacific  Ocean  to  the  west,  with  its  cold 
California  current  just  offshore,  provides  a  source  of  cold  surface 
temperatures;  in  comparison,  the  Sacramento-San  Joaquin  Valley 
to  the  east  is  very  warm  in  summer  and  relatively  cold  in  winter . 
The  topography  of  the  Bay  Area  establishes  many  valley  and  slope 
airflow  regimes,  varying  widely  within  short  distances.  Built-up 
urban  areas  and  open  rural  land  furnish  additional  variables 
affecting  stability  and  airflow .  The  frequent  temperature  inversions 
over  the  area  limit  the  available  dilution  air  and  intensify  the  many 
mesoscale  differences  in  airflow  and  stability  beneath  them . 

1 .       Inversion  Climatology 

A  primary  factor  in  air  quality  is  the  mixing  depth, 
i.e. ,  the  vertical  dimension  available  for  dilution  of 
contaminant  sources  near  the  ground .  For  aircraft  in 
flight,  the  mixing  depth  would  also  determine  the  altitude 
below  which  their  emissions  would  contribute  to  ground 
level  concentrations .   The  frequent  occurrence  over  the 
Bay  Area  of  temperature  inversions  limits  this  mixing  depth 
and  consequently  limits  the  availability  of  air  for  dilution . 
A  temperature  inversion  may  be  described  as  a  layer  or 
layers  of  warmer  air  over  cooler  air. 

Several  types  of  temperature  inversions  typical  of 
summer  are  formed  by  subsidence,  the  heating  of  downward 
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moving  air  in  the  anti-cyclone  over  the  Western  Pacific. 
The  surface  inversions  typical  of  winter  are  formed  by 
radiation  as  air  is  cooled  in  contact  with  the  earth's  cold 
surface  at  night.   Both  types  of  inversion  mechanism  may 
operate  at  any  time  of  the  year  .  At  times,  surface  inversions 
formed  by  radiational  cooling  may  reinforce  the  subsidence 
inversion  aloft,  particularly  in  fall  and  winter.   The  thick, 
strong  inversion  resulting  in  this  case  is,  of  course, 
especially  effective  in  trapping  pollutants . 

The  only  routine  measurement  of  vertical  temperature 
structure  over  the  Bay  Area  is  that  taken  by  the  National 
Weather  Service  twice  daily,  at  0400  (4  a.m.)  and  1600 
(4  p  ,m . )  at  Oakland  International  Airport . 

There  is  wide  seasonal  variation  in  the  type  of  inversion 
found,  and  there  is  wide  variation  over  the  course  of  the  day 
in  inversion  characteristics.  Moreover,  the  terrain  of  the 
Bay  Area  may  induce  significant  variations  from  point  to 
point,  and  wave  mechanisms  may  cause  considerable  fluctuation 
in  the  inversion  base  . 

To  monitor  these  inversions,  the  BAAPCD  has  made 
daily  analyses  of  the  Oakland  radiosonde  data.i^  For  each 
day  from  January  1,  1957  through  December  31,  1967,  the 
0400  and  1600  Oakland  soundings  from  the  surface  to  850 
millibars  (approximately  5000  feet)  were  categorized 
according  to  the  base  of  the  lowest  temperature  inversion 
(if  any)  .   Class  intervals  of  500  feet  were  used  to  determine 
the  distribution  of  inversion  bases  by  month . 

For  a  2500  foot  mixing  depth  derived  from  our  terrain 
as  a  clean  air  requirement,  the  cumulative  occurrences 
have  been  graphed  as  percentage  frequencies  based  on  the 
11  years  of  data  (1957-67)  as  shown  in  Exhibit  D-8,  on  the 
following  page.   The  afternoon  data  show  that  restrictive 
inversions  persist  over  90  percent  of  the  time  in  July  and 
August  and  generally  well  over  50  percent  of  the  time  in 
May,  June,  September  and  October.  From  November  through 
April,  however,  restrictive  conditions  persist  less  than  50 
percent  (except  for  a  slightly  anomalous  52.1  percent  in 
December)  .  For  a  given  month,  the  year-to-year  variation 
in  summer  is  negligible,  but  in  winter  some  wide  fluctuations 
are  apparent,  particularly  for  February. 


Additional  analysis  has  been  performed  by  others,  refer  to 
reference  (10),  (11).  and  (12). 


D-12 


i 


EXHIBIT  D-8 

San  Francisco  International  Airport 

PERCENTAGE  FREQUENCY  OF 

INVERSIONS  AT  3500  FEET  OR  LESS 
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2 .       Airflow  Regimes 


In  a  region  of  complex  topography  and  frequent  inversions, 
patterns  of  airflow  can  be  quite  complicated .  At  a  given  point 
(e.g. ,  an  airport)  along  a  shoreline  or  in  a  valley,  the  wind 
direction  may  be  exceptionally  steady  and  relatively  predictable 
in  terms  of  daily  and  seasonal  pattern.  Within  several  miles, 
however,  another  point  in  a  differently  oriented  valley  or 
along  an  opposite  shore  may  manifest  steady  winds  of  a  very 
different  direction.  An  intermediate  point,  influenced  by 
several  valleys  or  shore  configurations ,  may  show  great 
variability.   Thus,  it  is  unsafe  to  generalize  wind  patterns  in 
the  Bay  Area  from  only  a  few  observation  points .  Streamlines 
drawn  to  an  extensive  network  of  wind  data  points  provide  the 
best  representation  of  Bay  Area  conditions  . 

Such  a  study  was  made  of  the  Bay  Area  by  Clarence 
Smalley  of  the  (then)  U.S.  Weather  Bureau  as  part  of  a 
special  Civil  Defense  program  (13)  .   Since  its  preparation 
in  March  1957,  this  study  has  become  a  standard  reference 
on  the  local  meso-meteorology  of  the  Bay  Area. 

For  this  study,  a  meso-analysis  was  made  every  six 
hours  from  1952  through  1955.  From  the  1464  maps,  based 
on  33  cooperative  stations,  40  airflow  patterns  were 
distinguished  .  Simple  patterns  were  associated  with 
unstable  air  and  strong  gradients;  complex  patterns,  more 
affected  by  topographic  features,  were  associated  with 
inversion  conditions  and  weaker  gradients .  A  separate 
"light  variable"  class  showed  an  annual  occurrence  of 
22  percent  reaching  as  high  as  44  percent  for  November. 

The  importance  of  the  "light  variable"  class  on  air 
quality  is  indicated  by  Exhibit  D-9,  following  this  page. 
The  frequency  of  occurrence  of  "light  variable"  airflow  in 
the  Bay  Area  by  month  follows  very  closely  the  impairment 
of  visibility  at  Oakland  Airport  to  6  miles  or  less ,  giving 
a  strong  indication  of  particulate  pollution . 

The  actual  airflow  patterns  (other  than  "light  variable") 
are  given  in  Exhibits  D-10  through  D-17,  following  this  page, 
for  eight  basic  compass  points.  In  response  to  physiography, 
normal  airflow  across  the  area  is  radically  distorted  for  many 
regimes,  particularly  those  in  which  high  air  pollution  levels 
are  likely  to  occur . 
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EXHIBIT  D-9 
San  Francisco  International  Airport 

VISIBILITY  AND 
CIRCULATION  PATTERNS 
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(Note  that  visibility  curve  contains 
six  years  of  record  as  against  four 
years  of  record  in  the  circulation 
curve, ) 


-O     Percentage  of  time  visibility  6  miles  or 
less  at  Oakland  Airport,  1950-1955. 


Percentage  of  time  Bay  Area  circulation 
typed  as  "light  variable",  1952-1955. 
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EXHIBIT  D-11 
San  Francisco  International  Airport 
NORTHEAST  WIND  FLOW  PATTERNS 
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EXHIBIT  D-12 
San  Francisco  International  Airport 
EAST  WIND  FLOW  PATTERNS 


EXHIBIT  D-13 
San  Francisco  International  Airport 
SOUTHEAST  WIND  FLOW  PATTERNS 


Source:    Reference  (9) 
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EXHIBIT  D-14 
San  Francisco  International  Airport 
SOUTH  WIND  FLOW  PATTERNS 


Source:     Reference  (9) 


EXHIBIT  D-15 
San  Francisco  International  Airport 
SOUTHWEST  WIND  FLOW  PATTERNS 


Source:    Reference  (9) 
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EXHIBIT  D-16 
San  Francisco  International  Airport 
WEST  WIND  FLOW  PATTERNS 


Source:    Reference  (9) 


EXHIBIT  D-17 
San  Francisco  International  Airport 
NORTHWEST  WIND  FLOW  PATTERNS 


Source:    Reference  (9) 


The  distortion  in  wind  flow  results  in  major  surface 
wind  streams  following  the  lines  of  least  resistance,  which 
are  in  most  cases  the  sea  level  portions  of  the  area. 
Encountering  obstacles  in  the  terrain,  the  air  streams  may 
divide  and  turn.  For  example,  very  common  westerly  types 
have  a  major  airflow  axis  across  San  Francisco  which  splits 
against  the  East  Bay  hills,  with  one  stream  flowing  south- 
east into  the  Santa  Clara  Valley,  the  other  flowing  northward 
into  the  North  Bay  Area.   This  latter  stream  then  splits  again, 
with  one  stream  flowing  eastward  through  the  Carquinez 
Straits  and  the  other  flowing  in  an  eddy  curl  from  the  south- 
east into  the  northern  Marin  County  and  Petalum a  valley 
area  (Exhibit  D-15)  . 

3 .        Temperature  and  Precipitation  Distribution 

Climate  is  usually  classified  in  terms  of  annual  and 
seasonal  temperature  and  precipitation  values .  Even  in 
these  formal  terms,  the  San  Francisco  Bay  Area  offers  many 
varieties  of  climate  within  a  few  miles  .  In  the  ESSA  (now 
NOAA)  Environmental  Data  Service's  Climate  of  California  (14) 
Bay  Area  isopleths  are  given  for  January  and  July  mean 
maximum  and  minimum  temperatures,  and  for  annual 
precipitation.   These  distributions,  based  on  a  1931-1952 
data  period,  are  given  here  as  Exhibits  D-18  through  D-21, 
on  the  following  pages .   They  are  based  on  the  limited 
number  of  long  term  recording  stations  available  for 
climatological  purposes,  and  thus  have  some  serious 
shortcomings  in  detail .   Their  great  advantage  is  adequate 
length  of  record  for  climatological  purposes. 

They  are  not  adjusted  for  topographic  or  urban  effects, 
although  both  of  these  factors  are  extremely  important. 
They  do,  however,  grossly  reflect  the  topography,  even 
in  the  limited  data  array.  Values  for  Bay  Area  stations  north 
of  the  area  mapped  by  ESSA  have  been  plotted  at  the  top  of 
each  chart. 

The  January  maps  of  mean  maximum  temperature 
(Exhibit  D-18)  and  mean  minimum  temperature  (Exhibit  D-19) 
show  that  variations  are  significant  in  the  nocturnal  minimums , 
but  not  in  the  afternoon  maximums .  The  maximum  map  shows 
only  a  slight  decrease  of  temperature  at  higher  elevations, 
and  thus  implies  lapse  conditions  and  reasonably  good  vertical 
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EXHIBIT  D-18 
San  Francisco  International  Airport 
JANUARY  MEAN 
MAXIMUM  TEMPERATURES 
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Source:    Reference  (9) 


EXHIBIT  D-19 
San  Francisco  International  Airport 
JANUARY  MEAN 
MINIMUM  TEMPERATURES 


Source:   Reference  (9) 


EXHIBIT  D-20 
San  Francisco  International  Airport 
JULY  MEAN  MAXIMUM  TEMPERATURES 


Reference  (9) 


EXHIBIT  D-21 
San  Francisco  International  Airport 
JULY  MEAN  MINIMUM  TEMPERATURES 


Source:    Reference  (9) 


mixing.  The  mean  minimum  temperatures ,  however,  show 
large  differences  and  strong  gradients .   Most  apparent  is 
the  moderating  effect  of  the  ocean,  with  warmer  minimums 
along  the  coast  and  penetrating  the  bay .   Coldest  temperatures 
are  in  the  sheltered  valleys ,  implying  strong  radiation 
inversions  and  very  limited  vertical  diffusion .  An  apparent 
anomaly  of  warmer  temperatures  in  the  Santa  Clara  Valley 
over  San  Jose  is  clearly  an  urban  "heat  island"  effect,  most 
pronounced  on  winter  nights  (15)  .  Such  heat  islands  are 
proportional  to  structure  density,  and  could  be  expected  to 
show  also  over  San  Francisco  and  Oakland  if  the  data  array 
were  dense  enough  to  reveal  them .  From  an  example  of 
one  calm  winter  night ,  for  example ,  the  heat  island  effect 
over  downtown  San  Francisco  showed  a  magnitude  of  20 
degrees  F . 

The  July  mean  temperature  maximums  (Exhibit  D-20) 
and  minimums  (Exhibit  D-21)  reverse  the  January  relationship 
in  that  variations  are  not  significant  in  the  nocturnal  minimums, 
but  are  very  intense  in  the  afternoon  maximums .  Even  in 
over  20  years  of  mean  July  data,  the  gradient  from  the  coast 
to  the  eastern  portion  of  the  air  basin  is  15  degrees  F .  On 
extreme  days  the  difference  may  exceed  50  degrees  F . 
This  thermal  gradient  is  one  measure  of  the  intense  sea 
breeze  flow  which  may  persist  throughout  the  day  and  night 
in  summer .  Since  it  is  usually  associated  with  a  strong 
maritime  inversion  based  near  1000  feet,  the  related  low  level 
stability  and  diffusion  must  undergo  complex  changes  in  very 
short  distances . 

The  annual  precipitation  values  as  shown  in  Exhibit 
D-22,  on  the  following  page,  also  show  great  difference  in 
short  distances .  Annual  totals  exceed  40  inches  in  the 
mountains,  and  are  less  than  15  inches  in  the  sheltered  or 
"shadowed"  valleys.   Similar  differences  in  cloudiness  and 
relative  humidity  may  be  inferred  from  the  topography, 
coastal  configuration ,  and  airflow . 
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EXHIBIT  D-22 
San  Francisco  International  Airport 
MEAN  ANNUAL  TOTAL  PRECIPTATION 


Reference  (9) 


3.       AIRPORT  ACTIVITIES  WHICH  AFFECT  AIR  QUALITY 

This  section  presents  an  overview  of  the  role  of  aviation,  generally, 
on  regional  ambient  air  quality.  In  addition,  the  nature  of  airport  activities 
which  influence  local  air  quality  are  discussed . 

(1)      Regional  Effects  of  Transportation  on  Air  Quality 

Any  airport  is  a  complex  configuration  of  activities  which 
interact  with  other  activities  and  institutions  within  and  beyond 
the  airport  boundary.  SFIA,  because  of  its  location  with  respect  to 
the  San  Francisco  metropolitan  communities,  has  probably  a  more 
complex  relation  than  most  other  large  airports  .  Activities  at  the 
airport  will  induce  their  most  significant  effects  on  the  adjacent 
neighboring  communities .  But  since  SFIA  is  just  one  element, 
albiet  a  major  one,  in  the  Bay  Area  transportation  system,  changes 
at  the  airports  will  have  impacts  on  the  other  elements  of  the  system, 
and  therefore  affect  the  overall  regional  air  quality.  In  this  context, 
the  relative  potential  for  air  pollution  of  major  airports  in  the  Bay 
Area  should  be  considered.  In  the  RASS  study  of  regional  airport 
development  alternatives  (15)  ,  this  comparison  was  made,  and  is 
presented  as  Exhibit  D-23,  on  the  following  page. 

The  absolute  amount  of  aircraft  emissions  and  for  motor 
vehicles  have  been  inventoried  by  the  BAAPCD .   The  1973  average 
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EXHIBIT  D-23 
San  Francisco  International  Airport 
AIR  POLLUTION  POTENTIAL  FOR 
AREAS  AROUND  MAJOR  AIRPORT  SITES 
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annual  emissions  and  relative  contribution  of  transportation  sources 
to  the  total  emission  load  of  the  region  is  shown  in  Exhibit  D-24, 
following  this  page.  These  data  show  that  aircraft  emissions, 
in  the  regional  area,  account  for  only  about  3.7  percent  of  the  total 
particulate  emissions  and  only  about  one  percent  of  the  total  organic 
emissions.  For  nitrogen  oxides,  sulphur  dioxide  and  carbon 
monoxide,  air  carrier  aircraft  account  for  less  than  one  percent  of 
total  emissions  .    Motor  vehicles  account  for  more  than  90  percent 
of  the  carbon  monoxide  emissions  in  the  region,  and  about  62  percent 
of  the  nitrogen  oxides.  In  addition,  motor  vehicles  generate  more 
than  five  percent  each  of  the  total  regional  emissions  of  organics, 
sulphur  dioxide  and  particulates .  These  data  indicate  that  trans- 
portation sources  account  for  about  20  percent  of  the  total  regional 
emissions .  Aircraft  operations  account  for  about  five  percent  of  the 
total  transportation  emissions,  while  motor  vehicles  account  for  the 
remaining  95  percent. 

(2)      SFIA  Activities  Affecting  Local  Air  Quality 

The  demands  imposed  on  an  airport  by  human  wants  and  needs 
are  responsible  for  the  generation  of  air  pollution  at  the  airport.  The 
amount  of  pollution  generated  is  determined  by  the  size  and  kinds 
of  functional  activities  taking  place  there.   The  activities  at  SFIA 
which  generate  pollution  can  be  categorized  functionally  as  follows: 
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EXHIBIT  D-24 
San  Francisco  International  Airport 
AVERAGE  ANNUAL  EMISSIONS  FROM 
TRANSPORTATION  SECTOR  1973 
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Aircraft  operations 
Access  vehicle  traffic 
Service  vehicle  traffic 
Stationary  source  operations 

The  interplay  of  these  activities  is  shown  schematically  on  Exhibit 
D-25,  on  the  following  page.  In  what  follows,  the  manner  in  which 
these  activities  affect  the  air  quality  are  described , 

1.       Production  of  Air  Pollutants  by  Jet  Aircraft 

The  principal  pollutants  emitted  from  jet  engines  are 
oxides  of  nitrogen,  carbon  monoxide,  hydrocarbons,  and 
particulates  .  When  expressed  as  a  mass  percentage  of  fuel 
burned,  each  pollutant  is  usually  emitted  in  small  amounts 
varying  between  0.1  and  1.0  percent  under  most  operating 
conditions .  Emissions  of  carbon  monoxide  and  hydrocarbons 
are  especially  high  during  idle  and  taxi  operations,  while 
oxides  of  nitrogen  and  particulate  emissions  are  usually 
greatest  during  takeoff  and  landing .  Carbon  monoxide  is  the 
largest  constituent  by  weight.  Hydrocarbon,  nitrogen 
oxides  and  particulates  follow  in  descending  order . 

A  study  by  the  Department  of  Health,  Education  and 
Welfare  (HEW)  (1)  ,  indicates  that  the  weight  of  pollutants 
injected  into  the  atmosphere  is  heavily  conditioned  by  the 
amount  of  time  spent  in  taxiing  the  aircraft  around  the  airport . 
The  concentrations  of  the  various  pollutants  versus  engine 
power  setting  are  shown  in  Exhibit  D-26,  following  Exhibit  D-25. 
At  idle  power  settings ,  the  concentrations  of  carbon  monoxide 
and  hydrocarbons  are  quite  high,  and  reduce  rapidly  as  the 
power  is  increased  toward  the  takeoff  setting .  On  the  other 
hand,  the  production  of  oxides  of  nitrogen  rises  as  the  power 
level  is  increased .  The  range  in  values  of  the  concentration 
level  are  indicative  of  several  types  of  jet  engines  currently 
in  use  by  the  airlines  . 

An  indication  of  the  commercial  aircraft  air  pollution 
trend,  by  year,  is  indicated  in  Exhibit  D-27  following  Exhibit 
D-26.   The  trend  demonstrates  the  improvements  that  occurred 
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EXHIBIT  D-25 
San  Francisco  International  Airport 
SCHEMATIC  DESCRIPTION  OF  DEMANDS 
AND  SOURCE  OF  AIR  POLLUTION 
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EXfflBIT  D-26 
San  Francisco  International  Airport 
EMISSION  CHARACTERISTIC 
OF  AIRCRAFT  ENGINES 
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EXHIBIT  D-27 
San  Francisco  International  Airport 
TRENDS  IN  CIVILIAN  AIRCRAFT 
EMISSIONS  1950-1980 


Source:   Reference  (17) 


with  the  introduction  of  jet  powered  aircraft.  This  figure 
further  projects  that  the  gross  quantity  of  pollutants  will 
continue  to  decrease  even  with  increasing  activity  by 
commercial  airlines . 

The  newer  jet  aircraft  such  as  the  DC- 10  and  747  have 
generally  "cleaner"  engines  than  the  707  or  DC-8,  i.e. , 
emit  less  particulate  matter.  In  addition  to  the  lowering  of 
particulate  emissions,  there  is  a  significant  reduction  in 
emission  of  organics  from  new  engines.  There  are,  however, 
significant  increases  in  carbon  monoxide  and  nitrous  oxide 
emission .  The  sulphur  oxide  emissions  are  about  equal  for 
new  aircraft  compared  to  older  vintage  planes . 

In  this  discussion,  attention  has  been  paid  primarily 
to  air  carrier  aircraft  which  at  SFIA  constitute  more  than 
80  percent  of  the  operations .  Military  and  general  aviation 
operations  represent  the  remainder,  and  are  included  in 
subsequent  analysis.  However,  no  improvement  in  emission 
rates  of  these  latter  types  has  assumed  to  take  place  within 
the  planning  years  of  this  study . 

2.       Pollutants  from  Vehicles 

Since  SFIA  is  the  major  airport  in  the  nine  county 
Bay  Area,  there  is  significant  motor  vehicle  traffic  travelling 
to  and  from  the  airport.  Ground  transportation  is  therefore 
a  significant  source  of  airport-related  air  pollution  emissions . 
Passengers,  visitors,  employees  and  cargo  vehicles  all  come 
to  and  leave  the  airport  in  a  multiplicity  of  vehicle  types: 
cars ,  light  duty  trucks ,  buses ,  heavy  duty  trucks ,  both 
gasoline  and  diesel  fueled.'  and  motorcycles. 

In  attempting  to  analyze  the  impact  of  ground  access 
vehicle  operations  at  the  airport,  several  factors  have  to  be 
considered . 

The  emission  rates  of  the  various  types  of  vehicles 
The  mix  of  vehicles  in  the  operating  fleet 
The  speed  at  which  vehicles  travel 
The  distance  over  which  they  travel 
The  time  spent  in  the  idling  mode 

In  the  analysis  undertaken  to  assess  air  quality  impacts  all 

of  these  factors  have  been  included,  although  some  simplification 

has  been  introduced . 
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As  has  been  discussed  previously,  there  exists  a 
transportation  control  plan  which  is  designed  to  reduce  the 
emissions  of  motor  vehicle  generated  pollutants .  Achievement 
of  the  goals  of  this  plan  will  yield  reduced  pollution  from 
vehicles  accessing  the  airport  as  well  as  those  in  the  general 
transportation  region. 

3 .  Service  Vehicles 

Each  aircraft  operation  at  SFIA  requires  some  service 
during  its  landing  and  takeoff  (LTO)  cycle.  In  the  case  of 
general  aviation  aircraft,  this  requirement  may  only  be 
delivery  of  fuel.  In  the  case  of  air  carrier  aircraft  between 
five  and  ten  vehicles  service  the  aircraft  for  each  LTO .  These 
service  vehicles  load  and  unload  passengers  and  cargo,  and 
provide  refueling,  housekeeping  and  maintenance  service. 
In  some  cases  towing  vehicles  are  used  to  move  planes  into 
or  away  from  docking  gates . 

The  ground  support  equipment  spends  a  large  proportion 
of  its  total  operating  time  motionless  but  with  the  engine  at 
other  than  idle .  Very  little  data  is  available  on  emission 
rates  from  any  vehicles  in  this  operating  mode.  Also,  the 
maintenance  on  ground  support  equipment  is  relatively  poor. 
With  the  exception  of  the  more  expensive  pieces  of  equipment 
(such  as  the  pushback  tractors  for  the  747)  ,  the  general 
airline  feeling  is  that  it  is  more  cost-effective  to  replace  a 
deteriorated  engine  in  a  service  vehicle  than  it  is  to  institute 
a  regular  maintenance  program .   These  factors  combine  to 
make  one  anticipate  different  emission  patterns  between 
these  vehicles  and  the  normal  urban  traffic,  even  though  the 
majority  of  the  ground  service  vehicles  are  just  specially 
adapted  trucks  from  a  standard  production  line . 

Emission  rates  for  ground  service  vehicles  have  been 
empirically  developed  and  the  impact  of  ground  service 
vehicles  on  air  quality  is  included  in  the  analysis . 

4.  Stationary  Sources  of  Pollutants  at  SFIA 

There  are  four  major  potential  stationary  sources  of  air 
pollution  at  SFIA . 
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The  United  Airlines  maintenance  facility 
The  heating  plant  for  the  Terminal  buildings 
Heating  and  air  conditioning  plants  at  hangar 
facilities 

The  fuel  storage  and  transfer  facilities 

In  addition,  there  are  approximately  thirty-five  automobile 
parking  lots  of  various  size  scattered  throughout  the  airport. 

The  United  Airlines  (UAL)  maintenance  facility  at  SFIA 
is  the  principal  service  facility  for  that  airline .  It  is  also 
one  of  the  major  employers  at  the  airport.  For  these  reasons 
it  is  the  major  stationary  source  on  site.  It  has  been  designated 
a  major  point  source  by  the  BAAPCD        The  operation  of 
a  turbine  engine  maintenance  and  overhaul  facility  by  the  UAL 
base  accounts  for  the  majority  of  pollutants  emitted  therefrom . 
The  operation  of  a  turbine  engine  maintenance  and  overhaul 
facility  at  an  airport  involves  the  testing  of  aircraft  engines 
to  insure  proper  performance  and  structural  integrity.  A 
test  consists  of  running  the  engine  mounted  either  on  a 
special  test  stand  or  on  the  airplane  through  a  set  of  typical 
flight  conditions  while  measurements  of  performance  are 
made.  Since  a  substantial  number  of  such  tests  are  performed 
the  air  pollutant  emissions  can  be  significant .  The  BAAPCD 
estimates  the  1973  emissions  were  as  shown  in  the  table  below . 

Estimated  Emissions  for  1973 
United  Airlines  Maintenance  Base 

Pollutant  Emissions  (Tons/Day) 

Particulates 
Organics 
Nitrous  Oxides 
Sulphur  Oxides 
Carbon  Monoxide 


Source:    Reference  (7) 


This  does  not  imply  the  facility  is  a  violator  of  BAAPCD  regulations . 


0.1 
0.1 
0.4 

Not  Indicated 
0.2 
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Emissions  from  this  source  as  well  as  from  the  parking  lots 
maintained  by  UAL  are  included  in  the  analysis  of  impacts 
on  air  quality . 

The  heating  and  air  conditioning  plant  for  the  terminal 
uses  natural  gas  as  a  primary  fuel .  Fuel  oil  is  available  on  a 
standby  fuel,  and  has  had  to  be  used  only  a  few  times  for  short 
periods  during  the  last  few  years . 

According  to  data  supplied  by  Pacific  Gas  and  Electric 
Company,  the  supplier  of  natural  gas  to  SFIA,  about  138 
million  cubic  feet  (mcf)  are  consumed  per  year  in  heating  the 
terminal  complex.  Projections  of  anticipated  gas  requirements 
to  accommodate  the  expanded  terminal  facility  indicate  about 
350  mcf  will  be  required  in  1982  and  beyond.  On  this  basis, 
and  using  the  emission  rates  for  natural  gas  consumption 
as  given  by  EPA  (18)  ,  the  current  and  projected  emissions 
due  to  terminal  heating  are  as  shown  in  Exhibit  D-28 .  All  of 
these  emissions  are  orders  of  magnitude  below  the  emissions  of 
aircraft  and  motor  vehicles .  Heating  and  air  conditioning  of 
hangars,  cargo  areas  as  well  as  other  airport  buildings,  is 
of  even  less  significance.  These  stationary  sources  are  not 
considered  in  subsequent  analyses. 

There  are  three  major  fuel  storage  facilities  at  the  airport: 
one  at  the  north  end  near  the  Seaplane  Harbor,  one  near 
the  terminal  facility  close  to  the  airfield  itself,  and  one  along 
the  Old  Bayshore  highway .  More  than  ninety  percent  of  the 
aviation  fuel  handled  by  these  facilities  is  of  the  kerosene  type 
and  is  of  such  low  vapor  pressure  that  emissions  are  negligible. 
Gasolene  used  by  tank  trucks  to  haul  aviation  fuel  is  much 
more  volatile  and  contributes  most  to  emissions  from  these 
sources .  Estimates  of  emissions  from  this  source  range 
from  0.1  to  0.2  tons  per  day  of  organics  and  are  insignificant 
when  compared  to  the  other  sources.   Thus,  the  fuel 
handling  stationary  sources  of  pollution  are  not  considered 
further  in  the  analysis  . 

Parking  lots  are  potential  sources  of  air  pollution  since 
automobiles  operating  within  these  lots  are  generally 
operating  in  the  inefficient  idling  mode.  Parking  lots  are 
included  in  the  analysis  of  air  quality . 
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EXHIBIT  D-28 
San  Francisco  International  Airport 
EMISSION  OF  AIR  POLLUTANTS 
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5.       Other  Considerations 


Two  other  areas  of  concern  regarding  the  influence  of 
airport  activities  on  air  quality  are  discussed  below. 

Lead 

The  State  of  California  has  an  ambient  air  quality 
standard  for  lead,  which  is  given  as  1.5  micro- 
grams per  cubic  meter,  thirty  day  average  (19)  . 
Since  significant  amounts  of  lead  had  been  found 
in  the  ambient  air  around  airports,  the  BAAPCD 
made  special  analysis  of  high  volume  air  samples 
to  determine  concentration  of  lead .  A  sampling 
station  at  the  Bur lin game  Sewage  Plant  was  set 
up  not  designed  so  much  to  monitor  community  air 
pollution  as  to  document  a  special  situation.  With 
its  most  frequent  northwest  wind  this  site  is  down- 
wind of  a  long  stretch  of  Bayshore  Freeway,  and 
it  thus  monitors  maximum  freeway  build-up  of 
lead  and  other  particulates,  particularly  for  the 
most  adverse  case  of  wind  parallel  to  a  line  source. 
Also  with  a  northeast  wind  it  monitors  a  major 
runway  of  San  Francisco  International  Airport, 
again  with  parallel  winds  along  a  line  source. 
This  monitor  records  by  far  the  highest  lead  values 
in  the  District.   The  station's  annual  average  was 
2.68  micrograms  per  cubic  meter  in  1970,  2.20  in 
1971,  2.13  in  1972,  and  1.67  in  1973  (20)  . 
According  to  the  BAAPCD  the  relationship  to  traffic 
near  the  stations  suggests  that  the  contaminant 
has  a  fine  grained  distribution  like  that  of  carbon 
monoxide,  closely  related  to  automotive  traffic  (21)  . 

Construction  Impacts 

Air  pollutants  involved  in  the  construction  of  airport 
improvements  will  include  dust,  smoke,  and  vehicular 
exhaust  emissions .  Both  the  Federal  Aviation  Admini- 
stration (22)  and  the  EPA  (23)  have  suggested  measures 
for  preventing  air  ppllution  during  construction  projects. 

Since  a  portion  of  the  remaining  construction  under 
the  SFIA  expansion  program  will  not  involve  extensive 
earthwork  or  pouring,  the  potential  impacts  will  be 
somewhat  less  than  otherwise.  Efforts  will  be  made 
by  the  airport  management  to  minimize  these  impacts . 
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4.  EVALUATION  METHODOLOGY 


The  air  quality  evaluation  included  both  emission  inventory  and 
atmospheric  dispersion  modeling  techniques  .  This  approach  provided 
a  thorough  examination  of  the  effects  of  the  SFIA  expansion  program  on 
air  quality .  Detailed  descriptions  of  the  modeling  techniques ,  associated 
data  base,  and  evaluation  scenarios  are  presented  in  the  sections  which 
follow . 

(1)  Methodology 

In  order  to  evaluate  the  impact  of  air  quality  in  airport 
vicinities ,  a  model  of  airport  emissions  (emission  inventory)  and 
atmospheric  dispersion  of  those  emissions  is  required .  The 
quantification  of  airport  emissions  is  determined  by  identification 
of  air  pollution  sources  and  the  subsequent  evaluation  of  their 
respective  emission  rates  .  Simulation  of  airport  air  quality  by 
atmospheric  dispersion  requires  the  accurate  assessment  of  the 
temporal  and  spatial  emission  patterns . 

Both  the  emission  inventory  and  dispersion  modeling  involved 
the  tabulation  of  such  parameters  as  air  traffic  density  by  engine, 
make,  and  model  of  aircraft;  fuel  usage  of  different  aircraft; 
pollution  emission  rates  by  engine  model  and  operational  mode; 
the  allocation  of  emission  rates  to, the  respective  runways,  turnoff 
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points,  taxiways,  terminal  piers  and  gates,  and  parking  areas; 
the  time  each  aircraft  spends  in  different  operational  modes;  etc. 
Using  these  data  and  the  appropriate  meteorological  information , 
average  and  maximum  surface  concentration  can  be  calculated  and 
compared,  for  example,  with  ambient  air  quality  standards. 

1 .       Emission  Inventory 

Airport-related  activities  can  be  functionally  separated 
into  two  broad  categories — those  which  occur  within  the  air- 
port boundaries  and  those  associated  with  the  land  use  and 
ground  transportation  activities  which  are  external  to  the 
airport  and  are  presumed  to  be  related  to  or  induced  by  the 
presence  of  the  airport  facility .  Each  of  these  activities  can 
be  quantified  in  terms  of  an  easily  determined  or  measurable 
descriptor . 

Among  the  activities  which  are  associated  with  the 
source  of  air  pollution  emissions  in  the  vicinity  of  an  airport, 
are: 

Aircraft  operations  and  run-ups 

Ground  service  vehicles 

Access  traffic  on  and  in  the  near  vicinity  of 
the  airport 

Motor  vehicle  traffic  in  the  near  vicinity  of  the 
airport  but  not  accessing  the  airport 

Fuel  storage  and  distribution 

Stationary  sources  within  the  airport 

The  airport  vicinity  emission  sources  which  are 
considered  to  be  of  major  significance  and,  therefore,  must 
be  considered  in  the  emission  inventory,  include: 

Aircraft  emissions  during  the  start-up,  idle, 
and  shutdown  modes  at  the  terminals 

Aircraft  emissions  during  the  taxi  mode 
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Aircraft  emissions  during  the  delay-at- 
runway  mode  at  the  heads  of  the  runways 

Aircraft  emissions  during  the  landing  and 
take-off  modes ,  while  the  aircraft  is  still  on 
the  ground 

Aircraft  emissions  during  the  approach  and 
climb-out  modes  below  approximately  3,500 
feet  above  ground  level 

Ground  service  vehicle  emissions 

Motor  vehicle  emissions  on  nearby  roadways, 
airport  access  roads ,  and  parking  lots 

Fuel  storage  and  distribution  emissions 

Stationary  source  emissions  on  airport 

Thus,  the  contribution  to  total  emissions  can  be  calculated 
from  the  emission  factors  of  each  of  the  above  sources  and 
operating  characteristics  provided  as  input  data . 

2.       Dispersion  Model 

The  step  following  the  determination  of  airport-related 
air  pollution  emission  rates  is  to  transform  the  computed 
emission  inventory  into  air  pollution  concentrations  via 
dispersion  modeling .   This  process  is  depicted  by  a  flow 
diagram  presented  as  Exhibit  D-29,  on  the  following  page. 

Two  types  of  data  are  necessary  to  assess  the  air  quality 
in  the  vicinity  of  an  airport: 

Data  to  calculate  pollutant  emission  rates  in 
the  airport  vicinity 

9 

Data  to  calculate  the  concentrations  which  result 
from  dispersion  of  the  pollutants 

The  first  set  of  data  are  provided  by  the  emission  inventory. 
The  data  which  are  necessary  to  calculate  the  concentration 
of  pollutants  which  result  from  dispersion  of  airport-related 
emissions  consist  of: 
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EXHIBIT  D-29 
San  Francisco  International  Airport 
AIRPORT  AIR  QUALITY 
DISPERSION  MODEL 
FUNCTIONAL  FLOW  DIAGRAM 
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Airport  layouts  which  give  the  locations  of 
terminals,  taxiways,  runways,  roadways, 
fuel  storage  areas,  parking  lots,  etc. 

Aircraft  activity  by  runway,  taxiway,  terminals, 
etc . 

Locations  of  the  various  features  of  the  airport 
surroundings 

Relative  frequencies  of  all  combinations  of  wind 
speed,  wind  direction,  and  atmospheric  stability 
class,  based  on  historical  data  at  airport 

Mixing  heights  of  the  atmosphere  during  peak-hour 
periods 

The  first  three  items  listed  above  are  required  to  locate 
the  various  sources  of  emission  and  to  select  receptor 
locations  at  the  airport .   The  latter  two  listed  items  are 
the  meteorological  data  required  to  analyze  the  dispersion 
of  emissions  from  individual  sources . 

At  present,  there  are  a  number  of  dispersion  models 
which  have  been  developed,  under  federal  assistance,  for 
use  in  computing  airport  air  quality,  including: 

Northern  Research  and  Engineering  Corporation 
(NREC)  Model  (EPA  sponsored) 

Geomet,  Inc.  (modified  version  of  the  NREC  model, 
sponsored  by  EPA) 

Argonne  Airport  Air  Pollution  Model  (sponsored 
by  FAA)  . 

A  complete  description  of  these  models  are  presented  in 
selected  references  listed  at  the  end  of  this  appendix . 

The  dispersion  model  employed  in  this  study  is 
based  on  a  modified  version  of  the  NREC  airport  model . 
In  addition,  portions  of  the  EPA  line  source  dispersion 
model,  acronym  HIWAY  (24)  ,  are  utilized  for  simulation 
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of  certain  aircraft  ground  movements  and  all  ground 
vehicle  movements.  The  dispersion  model  considers 
a  variety  of  emission  sources,  including  point,  line, 
variable  line,  and  area.   The  simulation  of  these  various 
sources  accounts  for  the  full  spectrum  of  airport-related 
activities  which  generate  air  pollution. 

The  dispersion  model  is  based  on  a.gaussian 
plume  algorithm,  and  uses  a  one-hour  averaging  time. 
The  algorithm  represents  practical  application  of 
binormal  continuous  plume  dispersion.  Estimates  of 
dispersion  are  those  of  Pasquill  as  restated  by  Gifford . 
Diffusion  equations  are  based  on  the  Workbook  of 
Atmospheric  Dispersion  Estimates,  D.  Bruce,  Turner, 
U.S  .  EPA,  1970  (3)  .   The  dispersion  equation  which  is 
the  basis  of  the  model  is  as  follows: 


X 
Q 


± 


exp 


+  exp  - 


exp- 


1 


/  z-h-2nl'^ 


exp-i(^±i±^)  ^exp-i(^^^H^Lj 


Where  X 
Q 


exp  - 1  ^-Z±H^2NLy 


relative  concentration 

X  =  pollutant  concentration  (grams/meter'^) 
Q  =       source  emission  irate  (grams/second) 

H  —       wind  velocity  (meters/second) 
H  =       source  height  (meters) 
Z  —       receptor  height  (meters) 

'^y  •  "a  =  dispersion  coefficients 
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The  dispersion  model  of  airport  emissions  involves 
two  categories  of  physical  parameters: 

Source  parameters  which  consist  of  the  strength 
and  location  of  emission  sources  with  respect  to 
a  receptor!'' 

Meteorological  parameters  which  consist  of 
atmospheric  stability,  wind  speed,  wind  direction, 
and  mixing  height. 

The  dispersion  model  classifies  the  emissions  by  the  type  of 
source  producing  them .  Emissions  which  are  generated  over 
a  large  area  (for  example:    ground  service  activity  in  the 
terminal  area,  automobile  movement  in  the  parking  lots,  fuel 
evaporation  from  the  filling  of  vehicle  tanks ,  etc . )  are 
classified  as  line  sources .  Emissions  emanating  from  a  very 
small  area  (for  example:    heating  plants,  power  plants,  etc.) 
are  classified  as  point  sources .  The  dimensions  and  coordinates 
of  these  sources ,  a  first-order  approximation  of  spatial  dis- 
tribution were  obtained  from  an  aerial  photograph  of  the  airport 
surroundings . 

The  gaussian  plume  dispersion  model  utilizes  the  point, 
area,  and  line  source  parameters  calculated  by  the  airport 
activity/emissions  model  and  combines  them  with  meteorological 
information  that  is  relevant  to  the  area  to  compute  pollutant 
concentrations .  Since  the  input  emission  inventory  is  both 
spatially  and  diurnally  distributed,  the  resultant  pollutant 
concentrations  are  also  spatially  and  diurnally  distributed . 

To  summarize,  the  projected  airport  and  airport  vicinity 
emission  rates  can  readily  be  translated  into  air  quality  con- 
centrations by  means  of  the  dispersion  model.   The  data,  as 
presented,  needs  only  to  be  modified  to  show  spatial  distribution 
in  order  to  serve  as  direct  input  into  the  dispersion  model . 


(2)      Data  Base 

The  data  base  utilized  in  the  air  quality  analysis  consisted  of 
field  measurements  of  air  quality  in  the  vicinity  of  SFIA,  emission 

A  receptor  in  this  context  is  defined  as  the  location  at  which  the  pollution 
concentration  is  calculated,  usually  five  feet  above  ground  level  corres- 
ponding to  shoulder  height  of  the  average  human . 
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factors  for  airport- related  sources,  historical  meteorology  and 
operational  data  as  documented  in  Appendices  A  and  C  of  this 
report.   The  pertinent  data  base  are  presented  in  detail  in  the 
sections  which  follow . 

1 .       Air  Quality  Measurements 

Air  quality  measurements  at  SFIA  were  conducted  during 
the  course  of  the  environmental  assessment  study.   The  measure- 
ments were  taken  during  the  week  of  January  6,  1975. 

The  measurements  were  conducted  primarily  for 
calibration  purposes  of  the  dispersion  model .   The  results  in 
no  way  typify  ambient  air  quality  at  SFIA  or  its  environs .  The 
duration  of  the  sampling  period- -one  week — is  much  too  short 
a  period  to  draw  valid  conclusions  regarding  existing  conditions . 
However,  the  results  are  vital  to  the  prediction  of  future  conditions 
and  are  indicative  of  ambient  air  quality  which  existed  during  the 
one  week  sampling  period. 

Air  quality  monitoring  was  limited  to  carbon  monoxide. 
Since  this  chemical  specie  is  relatively  unreactive  it  is  suitable 
for  dispersion  model  calibration  purposes .  Measurements 
were  conducted  in  accordance  with  the  reference  methods 
of  the  U.S .  EPA  as  published  in  Federal  Register,  Volume  36, 
No.  228,  November  25,  1971.   Simultaneous  with  the  air  quality 
measurements,  ground  access  traffic  movements,  aircraft 
movements  and  local  meteorology  were  recorded . 

A  total  of  seven  measurement  sites  were  selected  for 
round-the-clock  continuous  monitoring  in  the  vicinity  of 
SFIA.  Exhibit  D-30,  following  this  page,  illustrates  the 
sampling  locations.   These  locations  were  chosen  to  reflect 
current  atmospheric  conditions  and  to  provide  a  basis  for 
prediction  of  future  pollution  concentration  levels  at 
sensitive  public  areas,  adjacent  communities,  and  other 
critical  areas . 
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EXHIBIT  D-30 
San  Francisco  International  Airport 
FIELD  MEASUREMENT  LOCATIONS 
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Code 

Upper  Level  South  Terminal 
Lower  Level  South  Terminal 
Airport  Entrance  Roadway 
Upwind  of  Airport 
Apron  Area  Airside 
South  End  Runway  IR,  Near  101 
Coyote  Point 


AP 


•US 


The  monitoring  was  conducted  by  automatically 
collecting  gas  samples  in  five-liter  mylar  bags  installed  in 
a  programmable  continuous  sampling  device .   The  automatic 
air  quality  sampler  is  designed  to  accommodate  up  to  twenty- 
four  sample  bags  giving  the  system  round-the-clock  capability. 
Each  sample  bag  is  filled  over  a  one  hour  period  by  receiving 
a  metered  two  second  injection  of  air  each  20  seconds,  or  180 
injections  per  hour. 

Laboratory  analysis  of  the  samples  was  determined  by 
using  a  Bendix-UNOR  nondispersive  infrared  (NDIR)  analyzer. 
Model  No.  8501-5BA.   This  device  is  on  EPA's  list  of  qualified 
reference  method  instruments  for  carbon  monoxide  determination. 
It  has  a  total  sensitivity  of  50  parts  per  million  (ppm)  ,  and  allows 
accurate  determination  of  carbon  monoxide  concentrations 
of  less  than  0.1  ppm.   Certified  standard  zero  and  span  gases 
were  used  to  calibrate  the  NDIR . 

Exhibit  D-31,  following  this  page,  summarizes  the 
measured  carbon  monoxide  concentrations  at  SFIA .  The  one 
hour  averages  range  from  0.2  to  14.7  ppm,  which  is  below 
the  State  of  California  and  NAAQS  of  35  ppm,  one  hour 
average.  The  greatest  levels  which  were  measured  occurred 
at  the  lower  level  curbside  terminal  area  ("arrivals")  .  In 
general,  the  greatest  levels  measured  occurred  during  daytime 
hours.  Remote  off-airport  locations  showed  lower  concentrations 
than  those  locations  on  airport  property .  The  eight  hour  NAAQS 
for  carbon  monoxide  of  9  ppm  was  exceeded  during  two  of  the 
sampling  days  at  the  lower  level  terminal  area.  The  upper 
level  curbside  terminal  area  ("departures")  showed  about  one- 
half  the  carbon  monoxide  levels  as  the  lower  level.  This  is 
apparently  due  to  the  overhead  roadway  structure  which  may 
tend  to  impede  the  dispersion  of  pollutants  accumulated  at  the 
lower  level.   In  addition,  curbside  idle  times  of  curbside 
motor  vehicles  is  significantly  greater  for  "arrivals"  than  for 
"departures." 
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2.  Meteorology 


The  National  Climatic  Center  in  Asheville,  North  Carolina, 
maintains  computerized  storage  and  retrieval  facilities  for 
meteorological  data  reported  by  national  weather  stations. 
The  National  Climatic  Center  also  operates  computer  programs 
for  determining  relative  frequencies  of  all  combinations  of 
wind  speed,  wind  direction,  and  atmospheric  stability  class 
based  on  historical  meteorological  data .   The  specific  program 
used  for  this  study  is  known  as  STAR ,  which  provides  wind 
distribution  by  Pasquill  Stability  Class . 

Meteorological  data  have  been  accumulated  by  the 
National  Oceanographic  and  Atmospheric  Administration 
(NOAA)  personnel  stationed  at  SFIA .   These  data  are  available 
from  the  National  Climatic  Center. 

In  the  dispersion  modeling  analysis,  three  meteorological 
regimes  were  investigated  which  have  the  greatest  probability 
of  occurrence  in  the  vicinity  of  SFIA .   These  included: 

Moderately  unstable  atmospheric  conditions 
Neutral  atmospheric  conditions 
Moderately  stable  atmospheric  conditions 

Each  of  these  regimes  influence  ambient  air  quality  in  different 
ways.  In  general,  the  more  stable  conditions  result  in  higher 
pollutant  concentrations .   The  complete  definition  of  these 
regimes  requires  information  related  to  the  frequency  of  all 
combinations  of  wind  speed,  wind  direction,  and  atmospheric 
stability  defined  by  the  Pasquill  Stability  Classification .  The 
following  explanation  of  Pasquill  Stability  Classification  has 
been  extracted  from  an  article  by  D .  Bruce  Turner  in  the 
February  1964,  Journal  of  Applied  Meteorology: 

"This  system  of  classifying  stability  on  an  hourly  basis  for 
research  in  air  pollution  is  based  upon  work  accomplished  by 
Dr .  F.  Pasquill  of  the  British  Meteorological  Office  (1961)  . 
Stability  near  the  ground  is  dependent  primarily  upon  net 
radiation  and  wind  speed.   Without  the  influence  of  clouds, 
insolation  (incoming  radiation)  during  the  day  is  dependent 
upon  solar  altitude,  which  is  a  function  of  time  of  day  and 
time  of  year.   When  clouds  exist,  their  cover  and  thickness 
decrease  incoming  and  outgoing  radiation.   In  this  system. 
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insolation  is  estimated  by  solar  altitude  and  modified  for 
existing  conditions  of  total  cover  and  cloud  ceiling  height. 
At  night,  estimates  of  outgoing  radiation  are  made  by- 
considering  cloud  cover .   This  stability  classification  system 
has  been  made  completely  objective  so  that  an  electronic 
computer  can  be  used  to  compute  stability  classes .  The 
stability  classes  are  as  follows:    (A)  Extremely  unstable, 
(B)  Unstable,  (C)  Moderately  unstable.  (D)  Neutral, 
(E)  Moderately  stable,  (F)  Stable,  (G)  Extremely  stable. 
Instability  occurs  with  high  positive  net  radiation  and  low 
wind  speed,  stability  with  high  negative  net  radiation  and 
light  winds ,  and  neutral  conditions  with  cloudy  skies  or 
high  wind  speeds." 

In  the  dispersion  modeling  analysis  performed  for 
SFIA  and  its  environs,  the  effect  of  diurnal  and  seasonal 
variations  in  meteorology  were  considered.   These  variations 
were  analyzed  with  respect  to  the  diurnal  and  seasonal 
variations  of  aircraft  and  ground  access  operations .  Exhibit 
D-32  summarizes  the  meteorological  scenarios  which  were 
evaluated  in  the  dispersion  modeling  effort.  As  indicated, 
both  "typical"  and  probable  "worst-case"  meteorological 
conditions  were  considered  .  The  winter  months  (December 
through  February)  were  selected  as  representative  of  the 
worst-case  season.   This  selection  was  based  on  examination 
of  historical  air  quality  data  for  the  San  Francisco  Bay  region, 
which  indicates  highest  pollutant  (primarily  carbon 
monoxide,  hydrocarbons  and  particulates)  during  winter 
periods.  Three  worst-case  scenarios  were  evaluated  in  order 
to  determine  the  absolute  worst-case  of  the  three  possible 
situations.  As  indicated,  the  "typical"  regime,  as  defined, 
has  the  probability  of  occurrence  of  more  than  one-half  the 
year  (52.3  percent  of  the  time)  ,  while  the  most  adverse 
meteorological  condition,  as  defined,  has  the  probability  of 
occurrence  of  approximately  14  days  per  year  (3.9  percent 
of  the  time)  .  In  actual  fact,  the  estimate  of  14  days  per  year 
is  highly  conservative  inasmuch  as  the  1.0  meter/second  wind 
speed  would  not  occur  this  frequently .  A  more  realistic 
estimate  of  the  probability  of  occurrence  of  the  "worst- case" 
meteorological  condition  would  be  less  than  one  percent  of  the 
time ,  or  about  three  days  per  year . 

Exhibits  D-33,  D-34  and  D-35,  summarize,  in  part,  the 
five-year  historical  meteorological  data  (1969-1973)  which 
were  utilized  in  the  analysis .  These  exhibits  present  the 
frequency  of  occurrence  of  wind  direction  and  stability  class . 
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EXHIBIT  D-32 
San  Francisco  International  Airport 
METEOROLOGICAL 
SCENARIOS  EVALUATED 
IN  DISPERSION  MODELING 
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EXHIBIT  D-33 
San  Francisco  International  Airport 
FREQUENCY  OF  METEOROLOGICAL  CONDITIONS 
BY  WIND  DIRECTION  AND  STABILITY  CLASS 
ANNUAL  0700-1000  HOURS 
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EXHIBIT  D-34 
San  Francisco  International  Airport 
FREQUENCY  OF  METEOROLOGICAL  CONDITIONS 
BY  WIND  DIRECTION  AND  STABILITY  CLASS 
DEC  .-FEB  .  1300  TO  1600  HOURS 


o 
u 

o 

G 

<U 
U 

u 

3 

o 
o 

O 
o 

>, 
o 
a 

<D 

<o 
u 

[X4 


CO 
CO 

cd 

r-H 

u 


02 


pq 


T3 
CI 


1^ 

o 

•H 
-M 
O 

Q 


i-IO5COO5C000i-<t-COmcOt—  CQCMOOOO 

CDOjinb-O'Heoo'ifcDCOMmmi-Ht-^ 

CDOOOOOOOOmiOT»H03e*3COCOO^C^OT-l 


CD  CD  CD 
  iH  iH 

O      .      .OOO  .OOOOOOOOO 

o  o  o  o 


o 


00 
CO 


CM  CM  CM  «  m  CSJ 

C>q  CM  CM   "S*  CM 


o 

CM 


OO      .OO  .OOOO 

oooooo  o  o  o 


OO 


CM 


03  05  05  O  O  O  O 
CM   m   ^   CM  CM  rH 


O  O  O  O   O  O  O 


OOO 


CO 


O  O 
CM  tH 


O  O 


O 


OOO 


coc«-05  05  05co^mco^mmcr3 
03T-ib-mo3^ocMt-miHiHeo 


CM  00  CD  03 
CO   ^   ^  CM 


CO'^CMCMCOCO^COt-COCOCOOSO'HOO 


CD 
O 


OO 
CD 


o^^-^^~^-ooo^o500^ 

COO3t-'*m,H00t-'H 


»HCMCO^CMiHOOiH 


O  O 

^  ^.  o 

o  o  o 


o 


03  O  O  O 
CD   ^   CM  CM 


00  C»  03  lO  O 
00  O  O  CO  iH 


CO 
CO 


OOOO 


O  O  iH 


OOO      .  O      .  O 

ooooo  o       o  o 


in 


CM 


in 
in 


COCOCDCOCOCOCOCOCOCOCOCOCDCOCOCDOO 

oooooooooooooooocn 
ooooooooooooooooo 

ooooooooooooooooo 


03 

o 


W       W       m        w       ^       ^  ^►^^r^ 

www  w^JG^g^^irt 


-t-> 

o 
H 


c 
u 
B 

tu) 
O 
u 

CU 

u 
a. 

e 

o 
o 

<  < 

,  a 
o 


o 


u 

+-> 


U  0) 
■M 

nJ  o 
S  " 

o  ^ 
2  CO 


o 
o 


EXHIBIT  D-35 
San  Francisco  International  Airport 
FREQUENCY  OF  METEOROLOGICAL  CONDITIONS 
BY  WIND  DIRECTION  AND  STABILITY  CLASS 
DEC  .-FEB  .  0700  TO  1000  HOURS 
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3.       Emission  Factors 


This  section  presents  the  emission  factors  which  were 
assumed  for  the  air  quality  analysis .  The  emission  rates  are 
ostensibly  based  on  AP-42,  Compilation  of  Emission  Factors  (2)  . 
The  data  include  emission  rates  for  aircraft,  motor  vehicles 
and  stationary  sources .  These  data  are  summarized  in  the 
following  exhibits: 

Exhibit  D-36:    Motor  Vehicle  Emission  Factors  by 
Mode  of  Operation  for  1974,  1982 
and  1990 

Exhibit  D-37:    Aircraft  Emission  Factors  by 
Mode  of  Operation 

Exhibit  D-38:    Stationary  Source  Emission  Factors 

The  motor  vehicle  emission  factors  were  developed 
assuming  a  California  vehicle  fleet  mix .  Motor  vehicle 
longevity  and  replacement  rates  were  assumed  as  per  AP-42  . 
Emission  control  programs  as  currently  legislated  were  assumed 
to  be  valid  in  the  development  of  the  motor  vehicle  emission 
rates . 

Aircraft  emission  rates  were  assumed  to  remain  constant 
from  the  present  situation  through  1990.  Although  aircraft 
emission  standards  have  been  enacted,  it  has  been  assumed 
that  the  impact  of  these  standards  would  not  significantly 
impact  the  aircraft  fleet  operating  through  1990  .  This  approach 
is  admittedly  conservative,  however,  in  view  of  the  present 
energy  situation  it  is  considered  to  be  reasonable.  On  the 
other  hand,  the  assumption  that  motor  vehicle  emission  control 
programs  will  continue  as  planned  has  been  adopted  because 
these  programs  are  nearly  completely  implemented . 

4.  Calibration 

An  important  part  of  the  application  of  dispersion 
modeling  in  the  airport  situation  is  the  investigation  of  the 
inherent  accuracy  of  the  model  and  the  subsequent 
"calibration"  of  the  model  for  the  application  to  SFIA. 


Refer  to  Exhibits  D-36,  D-37,  and  D-38  for  details  on 
assumed  emission  factor . 
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EXHIBIT  D-36 
San  Francisco  International  Airport 
GROUND  VEHICLE  CARBON  MONOXIDE 

HYDROCARBON,  NITROGEN  OXIDE 
PARTICULATE  AND  SULPHUR  DIOXIDE 
EMISSION  FACTORS  BY 
MODE  OF  OPERATION 
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EXHIBIT  D-37-1 
San  Francisco  International  Airport 
AIRCRAFT  CARBON  MONOXIDE 
EMISSION  FACTOR  BY  MODE  OF 
OPERATION  FOR  THE  YEAR  1974 
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EXHIBIT  D-37-2 
San  Francisco  International  Airport 
AIRCRAFT  HYDROCARBON 
EMISSION  FACTOR  BY  MODE  OF 
OPERATION  FOR  THE  YEAR  1974 
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EXHIBIT  D-37-3 
San  Francisco  International  Airport 
AIRCRAFT  NITROGEN  OXIDES 
EMISSION  FACTOR  BY  MODE  OF 
OPERATION  FOR  THE  YEAR  1974 
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EXHIBIT  D-37-4 
San  Francisco  International  Airport 
AIRCRAFT  PARTICULATES 
EMISSION  FACTOR  BY  MODE  OF 
OPERATION  FOR  THE  YEAR  1974 
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EXHIBIT  D-37-5 

San  Francisco  International  Airport 
AIRCRAFT  SULPHUR  OXIDES 
EMISSION  FACTOR  BY  MODE 

OF  OPERATION  FOR  THE  YEAR  1974 
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EXHIBIT  D-38-1 
San  Francisco  International  Airport 
STATIONARY  SOURCES  EMISSION  FACTORS 
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EXHIBIT  D-38-2 
San  Francisco, International  Airport 
STATIONARY  SOURCES  EMISSION  FACTORS 
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Because  of  a  multitude  of  scientific  and  technical 
limitations ,  the  dispersion  modeling  employed  in  the  analysis 
provides  "best  estimates"  of  air  quality  conditions  but  are 
not  infallible  predictions.  Furthermore,  the  confidence 
level  for  predicting  nonreactive  pollutants,  such  as  carbon 
monoxide  or  particulates,  is  greater  than  for  reactive 
pollutants,  such  as  hydrocarbons  and  oxides  of  nitrogen.!./ 

To  provide  a  check  of  the  calculated  pollutant  con- 
centrations via  the  dispersion  model,  a  comparison  was  made 
with  the  actual  measured  air  quality  and  related  traffic 
obtained  during  the  week  of  January  6,  1975  at  SFIA,  and  the 
results  obtained  with  the  model.  The  results  of  the  "calibration" 
are  summarized  in  Exhibit  D-39.  As  indicated  on  the  Exhibit, 
the  difference  in  values  between  those  calculated  and  those 
measured  does  not  exceed  1.0  ppm.  Furthermore,  the 
results  of  the  dispersion  modeling  provide  a  conservatively 
high  estimate  of  actual  conditions .  Because  the  modeling 
results  are  indeed  conservative,  no  significant  adjustment 
was  made  to  the  calculated  pollutant  concentrations . 

(3)      Evaluation  Scenarios 

The  evaluation  scenarios  selected  for  the  air  quality  analysis 
considered  the  effects  of  airport  configuration,  operation  levels, 
atmospheric  conditions,  and  seasonal  and  diurnal  variations  of 
operation  levels  and  atmospheric  conditions.  Exhibit  D-40  depicts  a 
total  of  twenty-four  basic  scenarios  which  were  analyzed . 


The  results  of  the  air  quality  analysis  presented  in  the  next 
section,  focus  upon  conditions  predicted  to  exist  during  "typical"  and 
during  "worst-case"  conditions .  These  conditions  are  defined  as 
follows : 

The  complex  chemistry  which  generates  photochemical  smog  involves  hydrocarbons,  nitrogen  oxides, 
and  ultraviolet  radiation  from  the  sun.   The  detailed  mechanisms  of  the  photochemist^  have  not  yet 
been  completely  determined  even  though  some  complex  theoretical  models  have  been  developed  and 
partially  confirmed  experimentally.   This  fact  has  made  development  of  a  mathematical  model  to 
relate  emissions  of  hydrocarbons,  the  fuel  of  the  reaction,  to  the  occurrence  of  high  concentration 
of  oxidant,  the  harmful  constituents  of  smog,  an  elusive  and  difficult  problem.    Several  complex 
computer  models  have  been  developed,  but  none  has  yet  received  universal  recognition. 
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EXHIBIT  D-39 
San  Francisco  International  Airport 
COMPARISON  OF  MEASURED  AND 
CALCULATED  CARBON  MONOXIDE 
CONCENTRATIONS 
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EXHIBIT  D-40 
San  Francisco  International  Airport 
AIR  QUALITY  EVALUATION 
SCENARIOS 
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"Typical"  conditions  of  air  quality  are  those  which  exist 
when  operational  levels  are  equivalent  to  an  average 
dayi/  and  meteorological  conditions  are  equivalent  to 
the  most  probable  regime  which  for  SFIA  is  given  as 
Pasquill  Stability  Class  D  (neutral)  ,  and  wind  from  the 
WNW  at  4.0  meter /sec.   The  probability  of  occurrence  of 
"typical"  conditions,  as  defined,  is  estimated  to  be 
approximately  50  percent  of  the  time. 

"Worst- case"  conditions  of  air  quality  are  those  which 
exist  when  operational  levels  are  equivalent  to  the  design 
day-/  ,  and  meteorological  conditions  are  equivalent  to 
a  moderately  stable  regime  given  as  Pasquill  Stability 
Class  E,  and  wind  from  the  WNW  at  1.0  meter/sec.  The 
probability  of  occurrence  of  "worst-case"  conditions, 
as  defined ,  is  estimated  to  be  less  than  one  percent  of 
the  time,  or  about  three  days  per  year.  The  "worst-case" 
condition  is  predicted  to  occur  during  winter  months 
(Dec.  -  Feb.)  . 


(In  the  dispersion  modeling  analysis ,  average  and  peak-hour 
traffic  levels  were  assumed  for  "typical"  and  "worst-case" 
conditions,  respectively.) 

Since  applicable  air  quality  standards  are  defined  in  terms 
of  levels  not  to  be  exceeded  but  once  per  year,  the  "worst-case" 
scenario,  with  a  probability  of  occurrence  of  three  days  per 
year,  has  special  significance.  For  air  quality  standards  to  be 
met,  predicted  levels  must  be  below  applicable  standards  under 
both  "typical"  and  "worst-case"  conditions. 


Average  day  operational  level  is  defined  as  average  daily  traffic 
(annual  operations  divided  by  365)  for  both  aircraft  and  ground  access 

Design  day  operational  level  is  approximately  twice  that  of  average 
day  operations,  and  is  equivalent  to  the  highest  ten  percentile 
traffic  level. 
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5.       IMPACT  ASSESSMENT 


The  monitoring  observations  performed  during  the  course  of  this 
study  indicate  that  highest  air  pollution  levels  occur  near  terminal 
buildings,  primarily  near  passenger  loading  and  unloading  zones,  in  the 
vicinity  of  airport  access  roads  and  at  the  airside  apron  areas.   Thus,  the 
impact  assessment  focused  upon  relationships  between  resulting  air  quality 
and  traffic  flow  (both  aircraft  and  motor  vehicles)  ,  and  parameters  such  as 
operating  modes,  traffic  patterns,  idle  time,  and  roadway,  runway,  taxiway 
and  gate  utilization.  Furthermore,  the  analysis  focused  upon  the  deter- 
mination of  air  quality  conditions  at  locations  where  people  would  likely 
be  present,  both  on  the  airport  and  within  adjacent  communities. 

The  results  of  the  emission  inventory  and  dispersion  modeling  are 
presented  for  existing  (1974)  conditions,  and  for  conditions  which  would 
likely  prevail  during  the  future  years  1982  and  1990 .   Air  quality  was 
predicted  for  typical  conditions  (average  traffic/most  probable  meteorology)  , 
and  for  most  adverse  conditions  (design  day  traffic/adverse  meteorology)  . 
The  air  quality  analysis  included  the  assessment  of  the  effects  of  the 
proposed  airport  development  as  well  as  the  effects  of  no  further  airport 
development. 

The  remaining  sections  of  this  appendix  present  the  results  of  the 
air  quality  impact  in  terms  of  the  following: 
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State  of  California  and  National  Ambient  Air  Quality  Standards 

State  of  California  "Air  Quality  Implementation  Plans"  and 
"Transportation  Control  Strategies"  for  critical  regions 

The  conformance  or  nonconformance  to  the  above  criteria  is  demonstrated 

by  the  results  of  the  emission  inventory,  predicted  air  quality  concentrations, 

and  resultant  airport-related  VMT . 

(1)      General  Discussion 

The  federal  government  through  the  EPA  has  identified  six 

major  classes  of  pollutants  in  the  ambient  air  which  may,  if  in 

high  enough  concentration,  cause  detrimental  effects  to  human 

health  and  well-being .  In  an  effort  to  assure  the  population  a 

healthful  environment,  the  State  of  California  and  Federal  Government 

has  established  ambient  air  quality  standards  for  these  six  pollutants: 

Carbon  monoxide 
Nonmethane  hydrocarbons 
Nitrous  oxides 
Oxidant 

Particulate  matter 
Sulphur  dioxides 

Exhibit  D-41,  on  the  following  page,  summarizes  both  the  State  of 

California  and  NAAQS  .  As  indicated,  the  State  of  California  also 

has  ambient  air  quality  standards  for  hydrogen  sulfide  and  lead . 

Hydrogen  sulfide  and  lead  are  not  primarily  related  to  commercial 

aircraft  operations .  The  following  paragraphs  succinctly  describe 

the  pollutants  possibly  generated  at  an  airport . 
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EXHIBIT  D-41 
San  Francisco  International  Airport 

AMBIENT  AIR 
QUALITY  STANDARDS 
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"Oxidant"  -  popularly  known  as  photochemical  smog  -  is 
a  group  of  substances  produced  by  the  interaction  between 
nitrogen  dioxide  and  certain  classes  of  hydrocarbons 
("reactive"  hydrocarbons  -  olefins,  aromatics  and 
aldehydes)  .   The  reaction  takes  place  under  the  influence 
of  ultraviolet  rays ,  and  is  therefore  promoted  on  warm , 
sunny  days  when  ventilation  is  low  and  the  requisite 
contaminants  are  present.   The  largest  fraction  of  oxidant 
is  ozone,  which  can  cause  eye  irritation  and  can  damage 
vegetation  and  certain  synthetic  fabrics  and  rubber . 
Oxidant  contributes  to  visibility  reduction  by  the 
formation  of  aerosols  in  the  reaction . 

Hydrocarbons  are  also  of  interest  to  this  study  because 
jet  fuel  is  typically  odorous,  such  that  emissions  may 
present  a  serious  nuisance  potential.  Jet  fuel  is  relatively 
unreactive,  and  therefore  contributes  little  to  oxidant. 

Carbon  monoxide  is  produced  by  the  incomplete 
combustion  of  carbonaceous  material,  including  jet 
fuel. 

Sulphur  oxides  are  produced  by  the  combustion  of  fuel  in 
jet  engines  as  well  as  automobiles.   The  gas  tends  to  stay 
close  to  the  point  of  emission  on  days  of  low  ventilation, 
so  that  accumulations  in  the  vicinity  of  airports  are  to 
be  expected . 

State  standards  have  been  set  for  two  classes  of  particulate 
matter.  The  smaller  particulates  are  visibility-reducing. 
Jet  engine  exhaust  includes  primarily  the  larger  type 
particulates,  which  tend  to  fall  out  more  rapidly.  The 
particulates  associated  with  jet  engine  exhaust  thus 
contribute  more  to  local  soiling  problems  than  to 
visibility  restriction . 

Finally,  nitrogen  oxides  are  formed  by  the  oxidation  of 
air  (which  is  about  80  percent  nitrogen)  during  high- 
temperature  combustion;  thus,  the  technique  of  high 
temperature  combustion  as  a  means  of  reducing  levels 
of  unburned  hydrocarbons  and  particulates  has  the  side 
effect  of  increasing  emissions  of  nitrogen  oxides,  which 
contribute  to  photochemical  smog,  the  reduction  of 
visibility,  and  other  adverse  effects. 
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There  are  several  basic  assumptions  necessary  in  the  con- 
sideration of  toxic  effects  of  air  contaminants .  One  is  that  various 
species  of  plants  and  animals  will  respond  differently  to  different 
pollutants.  Secondly,  each  species  or  population  will  have  individuals 
more  or  less  sensitive  to  a  given  concentration  of  the  pollutant. 
Third,  it  is  probable  that  ameliorative,  neutral,  and  detrimental 
effects  will  result  from  various  combinations  of  pollutants  and  other 
factors .  For  example,  low  levels  of  sulphur  dioxide  in  the  air  are 
suspected  to  reduce  certain  plant  diseases  as  the  sulphur  apparently 
acts  as  a  fungicide . 

Potential  damages  from  air  pollution  include  injury  to  human 
health;  injury  to  wild  and  domestic  animals;  injury  to  agricultural, 
ornamental,  and  native  plants;  and  damage  to  certain  synthetic 
materials.  A  1966  estimate  of  air  pollution  damage  to  agricultural 
plants  alone  in  the  San  Francisco  Bay  region  was  $5,000,000  (4)  . 
Oxidants  at  concentrations  below  those  that  occur  in  the  Bay 
region  are  known  to  have  adverse  effects  on  animals  (both  wild 
and  domestic)  and  to  result  in  discomfort  to  people,  particularly 
those  with  respiratory  difficulties .  EPA  estimated  the  national 
damage  costs  of  air  pollution  to  human  health  at  6 . 1  billion  dollars 
for  1968,  and  total  costs  including  damages  to  materials,  vegetation, 
and  residential  property  at  16.2  billion  dollars  for  1968;  total  costs 
for  1977  with  no  further  control  are  estimated  at  24.9  billion  dollars  (5)  . 
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Chronic  as  well  as  acute  reactions  may  result  from  air  pollution. 
Emphysema  has  increased  ten-fold  in  California  in  the  last  15  years, 
probably  due  in  large  part  to  increased  air  pollution.  Carbon 
monoxide  in  atmospheric  concentrations  as  low  as  30  ppm  may  impair 
discrimination  of  time  intervals;  it  is  also  dangerous  to  persons  with 
heart  problems  even  at  present  concentrations  in  the  Los  Angeles 
area.  It  is  noted  that  on  a  nationwide  basis  aircraft  contribute  about 
2  percent  of  the  carbon  monoxide  emissions  while  motor  vehicles  con- 
tribute close  to  70  percent  (6)  . 

(2)      Detailed  Results 

The  detailed  results  of  the  air  quality  analysis  are  presented 
in  terms  of  resultant  pollutant  concentrations ,  airport-related  emissions , 
and  resultant  airport-related  VMT  within  the  region .  Each  of  these 
parameters  are  discussed  separately  below. 

1.       Pollutant  Concentrations 

The  resultant  local  pollutant  concentrations  predicted  by 
dispersion  modeling  are  presented  as  isopleths  (contour  lines 
of  equal  concentrations)  ,  and  are  depicted  on  a  basemap  of  the 
airport  vicinity .  The  following  twenty-four  exhibits  (Exhibits 
D-42  through  D-65)  present  the  series  of  isopleths  which  were 
developed.  These  isopleths  present  the  following  results: 

Maximum  one  hour  concentrations  of  carbon 
monoxide  (Exhibits  D-42  through  D-47) 
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Maximum  one  hour  concentrations  of  oxides  of 
nitrogen  (Exhibits  D-48  through  D-53) 

Maximum  one  hour  concentrations  of  total 
hydrocarbons  (Exhibits  D-54  through  D-59) 

Maximum  twenty-four  concentrations  of 
particulates  (Exhibits  D-60  through  D-65) 

These  isopleths  are  presented  for  the  six  scenarios  previously 
described  .  The  resultant  concentrations  ,  as  depicted  by  this 
set  of  twenty-four  exhibits ,  represent  the  contribution  from 
airport-related  sources,  vicinity  sources  (non-airport  related) , 
and  background.   The  background  concentrations  were 
determined  by  a  method  developed  by  the  BAAPCD  for  the  Bay 
region  (25)  ,  and  includes  all  significant  mobile  and  stationary 
sources  (not  including  SFIA)  .   The  isopleths  represent  worst 
possible  conditions,  for  example,  design  day /peak  hour  trsiffic 
and  adverse  meteorology  (moderately  stable  atmosphere  and 
WNW  winds  at  1.0  meters/sec.)  . 

The  results  of  the  prediction  of  air  quality  concentrations 
are  further  depicted  in  Exhibits  D-66  through  D-71.   This  set  of 
exhibits  presents,  in  tabular  form,  the  results  of  predicted 
concentrations  at  selected  locations  on  and  in  the  near  vicinity 
of  the  airport.  The  results  presented  in  these  six  tabular 
exhibits  are,  in  fact,  identical  to  those  depicted  by  the 
isopleths.  However,  they  are  shown  in  tabular  form  in  order 
to  derive  a  better  indication  of  pollutant  concentrations  at 
certain  "critical"  locations.  These  locations  are  defined  in 
Exhibit  D-72  and  are  graphically  presented  in  Exhibit  D-73. 

Examination  of  the  isopleths  and  tabular  exhibits  indicate 
a  wide  variance  of  pollutant  concentrations  depending  upon 
location .  Highest  pollutant  values  occur  within  the  airport 
boundary,  primarily  near  passenger  loading  and  unloading 
zones  (curbfront)  ,  adjacent  active  runways,  near  airfield 
apron  areas,  and  near  access  roadways.  The  location  of 
overall  highest  pollutant  concentration  is  at  curbside  of 
the  lower  level  terminal  areas . 

Further  examination  of  the  exhibits  indicate  a  definite 
trend  toward  improved  air  quality  in  future  years.  For  example, 
the  resultant  concentrations  of  the  various  pollutants  are 
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EXHIBIT  D-42 
San  Francisco  International  Airport 
1974  CARBON  MONOXIDE 
ISOPLETHS  (PPM).  MAXIMUM 
ONE -HOUR  CONCENTRATIONS 
EXISTING  AIRPORT 


CONDITIONS 

Design  Day/Peak -Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  ©  1.0  Meter /Sec. 

Note:  Predicted  concentrations 
include  airport-related 
and  background  sources 


WNW 


1.5 


EXHIBIT  D-43 
San  Francisco  International  Airport 
1982  CARBON  MONOXIDE 
ISOPLETHS  (PPM)  ,  MAXIMUM 
ONE  HOUR  CONCENTRATIONS 
NO  FURTHER  DEVELOPMENT 


CONDITIONS 

Design  Day/Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1 .0  Meter /Sec. 


Note:  Predicted  concentrations 
include  airport-related 
and  background  sources 


WNW 


0.8 


EXHIBIT  D-44 
San  Francisco  International  Airport 
1982  CARBON  MONOXIDE 
ISOPLETHS  (PPM)  ,  MAXIMUM 
ONE-HOUR  CONCENTRATIONS 
PROPOSED  DEVELOPMENT 


CONDITIONS 

Design  Day/Peak -Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1 .0  Meter /Sec  . 

Note:  Predicted  concentrations 
include  airport-related 
and  background-  sources 


■^4 


0.8 


EXHIBIT  D-45 
San  Francisco  International  Airport 
1990  CARBON  MONOXIDE 
ISOPLETHS  (PPM)  ,  MAXIMUM 
ONE -HOUR  CONCENTRATIONS 
NO  FTTRTHKR  DEVELOPMENT 


CONDITIONS 

Design  Day /Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1 . 0  Meter /Sec . 

Note:  Predicted  concentrations 
include  airport-related 
and  background  sources 


EXHIBIT  D-46 
San  Francisco  International  Airport 
1990  CARBON  MONOXIDE 
ISOPLETHS  (PPM)  ,  MAXIMUM 
ONE-HOUR  CONCENTRATIONS 
PROPOSFn  nFVET.OPMENT  W70  BART 


Design  Day /Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WnW  Wind  @  1 .0  Meter/Sec  . 


EXHIBIT  D-47 
San  Francisco  International  Airport 
1990  CARBON  MONOXIDE 
ISOPLETHS  (PPM)  ,  MAXIMUM 
ONE -HOUR  CONCENTRATIONS 


CONDITIONS 

Design  Day /Peak -Hour  Traffic 
oderately  Stable  Atmosphere 
WNW  Wind  @  1 .0  Meter/Sec . 

Note:  Predicted  concentrations 
include  airport-related 
and  background  sources 


WNW 


0.6 


EXHIBIT  D-48 
San  Francisco  International  Airport 
1974  NITROGEN  DIOXIDE 
ISOPLETHS  (PPM)  ,  MAXIMUM 
ONE-HOUR  CONCENTRATIONS 
 EXISTING  AIRPORT 


CONDITIONS 


Design  Day /Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1.0  Meter/Sec. 


Predicted  concentrations 
include  airport-related 
and  background  sources 


WNW 


0.25 


EXHIBIT  D-49 
San  Francisco  International  Airport 
1982  NITROGEN  DIOXIDE 
ISOPLETHS  (PPM)  ,  MAXIMUM 
ONE -HOUR  CONCENTRATIONS 
NO  FURTHER  DEVELOPMENT 


CONDITIONS 


Design  Day /Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1.0  Meter/Sec. 

Note:  Predicted  concentrations 
include  airport- rela,ted 
and  background  sources 


WNW 


0.10 


EXHIBIT  D-50 
San  Francisco  International  Airport 
1982  NITROGEN  DIOXIDE 
ISOPLETHS  (PPM)  .  MAXIMUM 
ONE -HOUR  CONCENTRATIONS 
PROPOSED  DEVELOPMENT 


CONDITIONS 

Design  Day/Peak -Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1.0  Meter /Sec. 

Note;  Predicted  concentrations 
include  airport-related 
and  background  sources 


WNW 


0.10. 


EXHIBIT  D-51 
San  Francisco  International  Airport 
1990  NITROGEN  DIOXIDE 
ISOPLETHS  (PPM)  ,  MAXIMUM 
ONE-HOUR  CONCENTRATIONS 
NO  FURTHER  DEVELOPMENT 


CONDITIONS 

Design  Day/Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1.0  Meter /Sec. 

Note:  Predicted  concentrations 
include  airport-related 
and  background  sources 


WNW 


EXHIBIT  D-52 
San  Francisco  International  Airport 
1990  NITROGEN  DIOXIDE 
ISOPLETHS  (PPM)  ,  MAXIMUM 
ONE-HOUR  CONCENTRATIONS 
PROPOSED  DEVELOPMENT  W/0  BAR  f 


CONDITIONS 

Design  Day /Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1.0  Meter/Sec. 

Note:  Predicted  concentrations 
include  airport-related 
and  background  sources 


0X)4. 


EXHIBIT  D-53 
San  Francisco  International  Airport 
1990  NITROGEN  DIOXIDE 
ISOPLETHS  (PPM)  ,  MAXIMUM 
ONE -HOUR  CONCENTRATIONS 
PROPOSED  DEVELOPMENT  W/BART 


CONDITIONS 

Design  Day/Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1 .0  Meter/Sec. 

Note:  Predicted  concentrations 
include  airport-related 
and  background  sources 


.BXHIBIT  D-54 
San  Francisco  International  Airport 
1974  HYDROCARBON 
ISOPLETHS  (PPM)  ,  MAXIMUM 
ONE -HOUR  CONCENTRATIONS 
EXISTING  AIRPORT 


^  r--  i._*»  rr  >: 


CONDITIONS 

Design  Day/Peak-Hour  Traffic 
Moderately  Stable  AUnQsphere 
WNW  Wind  @  1 . 0  Meter/S  ec  . 

Note:  Predicted  concentrations 
include  air  port- related 
and  background  sources 


mm 

lb 


WNW 


EXHIBIT  D-55 
San  Francisco  International  Airport 
1982  HYDROCARBON 
ISOPLETHS  (PPM)  .  MAXIMUM 
ONE -HOUR  CONCENTRATIONS 
NO  FURTHER  DEVELOPMENT 


Note: 


CONDITIONS 

Design  Day /Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1,0  Meter/SEc. 


Predicted  concentrations 
include  airport-related 
and  background  sources 


EXHIBIT  D-56 
San  Francisco  International  Airport 
1982  HYDROCARBON 
ISOPLETHS  (PPM).  MAXIMUM 
ONE -HOUR  CONCENTRATIONS 
PROPOSED  DEVELOPMENT 


CONDITIONS 

esign  Day /Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1.0  Meter/Sec. 

Note:  Predicted  concentrations 
include  airport-related 
and  background  sources 


WNW 


0, 


EXHIBIT  D-57 
San  Francisco  International  Airport 
1990  HYDROCARBON 
ISOPLETHS  (PPM)  .  MAXIMUM 
ONE-HOUR  CONCENTRATIONS 
NO  FURTHER  DEVELOPMENT 


CONDITIONS 

Design  Day /Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1.0  Meter/Sec. 

Note:  Predicted  concentrations 
include  airport-related 
and  background  sources 


NW 


^^^^^^^ 
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1^. 


kA;?^'*  ^r>''£*  '^^^>i4m—^ 


EXHIBIT  D-58 
San  Francisco  International  Airport 
1990  HYDROCARBON 
ISOPLETHS  (PPM)  .  MAXIMUM 
ONE -HOUR  CONCENTRATIONS 
PROPOSED  DEVELOPMENT  W/O  BART 


CONDITIONS 

Design  Day/Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  ©1.0  Meter/Sec . 

Note:  Predicted  concentrations 
include  airport-related 
and  background  sources 


WNW 


I 

I 

I 

I 

I 


I 


EXHIBIT  D-59 
San  Francisco  International  Airport 
1990  HYDROCARBON 
ISOPLETHS  (PPM) ,  MAXIMUM 
ONE-HOUR  CONCENTRATIONS 
PRnPn.qFnnFVFT.nPMFNT  W/RART  ^ 


CONDITIONS 

Design  Day /Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1 .0  Meter/ Sec . 

Note:  Predicted  concentrations 
include  airport-related 
and  backgrouMi  sources 


N 


WNW 


As 


EXHIBIT  D-60 
San  Francisco  International  Airport 

1974  PARTICULATES 
BBKETHS  (^g/jij^)^  MAXIMUM' 
24-HOUR  CONCENTRATIONS 
EXISTING  AIRPORT 


CONDITIONS 


i-r 


Design  Day /Peak -Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1 .0  Meter /S:ec. 

Note:  Predicted  concentrations 
include  airport^related 
and  background  sources 


N 


54 


WNW 


45 


L4 


EXHIBIT  D-61 
San  Francisco  International  Airport 
1982  PARTICULATE 
ISOPLETHS  (^g/m^)  MAXIMUM 
24-HOUR  CONCENTRATIONS 
NO  FURTHER  DEVELOPMENT 


CONDITIONS 

Design  Day/Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  (3  1.0  Meter/Sec. 

Note:  Predicted  concentrations 
include  airport-related 
and  background  sources 


70 


WNW 


52 


EXHIBIT  D-62 
San  Francisco  International  Airport 
1982  PARTICULATE 
ISOPLETHS  (;/§j^m^)  MAXIMUM 
24-HOUR  CONCENTRATIONS 
 PROPOSED  DEVELOPMENT 


CONDITIONS 

Design  Day/Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1.0  Meter/Sec. 

Note:  Predicted  concentrations 
include  airport-related 
and  background/sources 


WNW 


52 


4 
4 


EXHIBIT  D-63 
San  FiJancisco  Inter ational  Airport 
1990  PARTICULATE 
ISOPLETHS  (Mg/m3)  MAXIMUM 
24-HOUR  CONCENTRATIONS 
NO  FURTHER  DEVELOPMENT 


CONDITIONS 

Design  Day/Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1 . 0  Meter/Sec . 

Note:  Predicted  concentrations 
include  airport-related 
and  background  sources 


N 


WNW 


59 


EXHIBIT  D-64 
San  Francisco  International  Airport 
1990  PARTICULATE 
ISOPLETHS  (Mg/m^)  MAXIMUM 
24-HOUR  CONCENTRATIONS 
PROPOSED  DEVELOPMENT  W/O  BART 


CONDITIONS 

Design  Day /Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  ©1.0  Meter /Sec. 

Note:  Predicted  concentrations 
include  airport- related 
and  background  sources 


WNW 


59 


EXHIBIT  D-65 
San  Francisco  International  Airport 
1990  PARTICULATE 
ISOPLETHS  (/ig/m^)  MAXIMUM 
24-HOUR  CONCENTRATIONS 
PROPOSED  DEVELOPMENT  W/BART 


CONDITIONS 

Design  Day/Peak-Hour  Traffic 
Moderately  Stable  Atmosphere 
WNW  Wind  @  1.0  Meter /Sec. 


1*V 


iote:  PriffBllfcted  concentrations 
include  airport-related 
and  background  sources 
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EXHIBIT  D-66 
San  Francisco  International  Airport 
PREDICTED  ONE-HOUR 
CONCENTRATIONS  OF  CARBON 
MONOXIDE 
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EXHIBIT  D-67 
San  Francisco  International  Airport 
PREDICTED  EIGHT-HOUR 
CONCENTRATIONS  OF  CARBON 
MONOXIDE 
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Predicted  One-Hour  Concentration  Of  Nitrogen  Oxides  By  Location  (PPM) 
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EXHIBIT  D-68 
San  Francisco  International  Airport 
'        PREDICTED  ONE-HOUR 
CONCENTRATIONS  OF  NITROGEN 
OXIDES 
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EXHIBIT  D-69 
San  Francisco  International  Airport 
PREDICTED  ONE  HOUR 
CONCENTRATIONS  OF 
HYDROCARBONS 
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San  Francisco  international  Airport 
PREDICTED  24  HOUR  CONCENTRATIONS 
OF  PARTICULATES 
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EXHIBIT  D-71 
San  Francisco  International  Airport 
PREDICTED  ONE  HOUR  CONCENTRATIONS 
OF  SULPHUR  DIOXIDE 
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EXHIBIT  D-72 
San  Francisco  International  Airport 
DEFINITION  OF  SELECTED  LOCATIONS 
FOR  DETERMINATION  OF  AIR  QUALITY 


Code 

Description 

US 

Upper  Level  South  Terminal,  Curbside 

UC 

Upper  Level  Central  Terminal,  Curbside 

UN 

Upper  Level  North  Terminal,  Curbside 

LL 

Lower  Level  Central  Terminal,  Curbside 

AP 

Apron  Area,  Airside 

ER 

.  Airport  Entrance  Roadway 

SF 

South  Frantage  Road 

NF 

North  Frontage  Road 

CP 

Coyote  Point 

SM 

San  Mateo 

FC 

Foster  City 

BG 

Burlingame 

SS 

South  San  Francisco 

MB 

Millbrae 

IR 

South  End  Runway  IR,  Near  101 

DW 

Downwind  of  IR 

1 


approximately  one-half  as  great  in  1982  than  exist  today.  By 
the  year  1990,  pollutant  concentrations  would  be  further 
reduced  by  approximately  one-half  those  which  would  exist 
in  1982. 

In  comparing  the  six  evaluation  scenarios,  the  proposed 
airport  development  option  results  in  improved  air  quality  in 
comparison  to  existing  conditions ,  and  to  those  conditions  which 
would  exist  if  no  further  development  takes  place.   The  air 
quality  conditions  are  improved  under  the  proposed  development 
primarily  because  of  improved  vehicle  traffic  flow  and  reduced 
idle  time  in  the  vicinity  of  the  terminal  curbfronts .   This  is 
evident  when  comparing  the  results  of  the  predicted  concen- 
trations for  locations  US ,  UC ,  UN  and  LL  for  the  proposed 
development  versus  no  further  development.  With  the  addition 
of  the  North  Terminal,  ground  vehicle  traffic  will  be  less 
concentrated  at  passenger  loading  and  unloading  zones  due  to 
the  increase  in  curb  frontage . 

A  comparison  of  the  predicted  pollutant  concentrations 
to  applicable  ambient  air  quality  standards  (see  Exhibit  D-41)  , 
indicates  some  potential  violation  of  standards .  Under  conditions 
which  would  exist  more  than  50  percent  of  the  time  (for  example, 
"typical"  conditions)  ,  the  results  shown  on  Exhibits  D-66  through 
D-71  indicate  the  following: 

There  would  be  no  violation  of  either  the  one  hour 
or  eight  hour  carbon  monoxide  standards . 

There  would  be  no  violation  of  sulphur  dioxide 
standards . 

■  .         The  one  hour  nitrogen  dioxide  standard  (0.25  ppm) 
would  be  violated  under  all  scenarios,  during  1974, 
1982  and  1990,  principally  at  on-airport  locations 
such  as  at  terminal  curbfronts  and  adjacent  to 
active  runways . 

The  federal  standard  for  non-methane  hydrocarbons 
(0.24  ppm,  three  hour  average,  6  to  9  a.m.)  would 
apparently  be  violated  under  all  scenarios ,  during 
1974,  1982  and  1990.   These  violations  would 
occur  primarily  on  airport. 
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The  California  24  hour  standard  for  particulate 
matter  (100  micrograms/meter^)  would  not  be 
violated  in  1974.  However,  there  would  be  some 
on- airport  violations  in  1982  and  1990  under  all 
scenarios.    (Since  there  is  no  projected  improvement 
in  particulate  emission  rates  for  automobiles,  levels 
increase  with  time  as  traffic  increases .) 

Under  most  adverse  conditions  ("worst-case")  ,  the  results 
indicate  the  following: 

There  would  be  no  violations  of  sulphur  dioxide 
standards . 

For  today's  conditions  (1974)  ,  there  would  be  a 
potential  violation  of  the  one  hour  carbon  monoxide 
standard  (35  ppm)  at  the  upper  South  Terminal 
curbfront  (US)  ,  and  at  the  lower  level  terminal 
curbfront  (LL)  .  In  1982,  there  would  be  a  violation 
at  LL  under  the  no  development  alternative.  No 
other  violations  of  this  standard  would  occur . 

For  1974,  there  would  be  violations  of  the  eight 
hour  carbon  monoxide  standard  (9  ppm)  at 
locations  US ,  UC ,  LL ,  AP  and  IR ,  all  on-airport 
locations  .  Under  the  no  development  alternative 
violations  would  occur  in  1982  and  1990  at  locations 
US  and  LL .  Under  the  proposed  development  a 
violation  at  LL  would  occur  in  1982,  but  no  violations 
would  occur  by  1990 . 

Violations  of  the  nitrogen  dioxide  standard  would 
occur  under  all  scenarios  and  all  years .  These 
violations  would  occur  principally  on-airport, 
however,  a  few  violations  would  occur  off-airport 
such  as  at  Coyote  Point  (CP)  ,  San  Mateo  (SM)  , 
and  Foster  City  (FC)  . 

Violations  of  the  non-methane  hydrocarbon  standard 
would  apparently  occur  under  all  scenarios  and 
all  years .  These  violations  would  occur  principally 
on-airport,  however,  a  few  violations  would  occur 
off- air  port. 
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Violations  of  the  particulate  matter  standards 
would  occur  under  all  scenarios  and  all  years . 
Levels  would  increase  with  time  with  violations 
occurring  both  on  and  off  the  airport . 

It  should  be  noted  that  the  probability  of  occurrence  of  the 
most  adverse  conditions  is  very  small,  and  is  of  the  order  of 
three  days  per  year.  However,  since  the  criteria  of  the 
applicable  ambient  air  quality  standards  are  levels  not  to  be 
exceeded  but  once  per  year,  the  conclusions  noted  above  are 
valid  ones . 

Further  review  of  the  results  indicates  that  the  air 
quality  impact  on  the  surrounding  communities  is  small . 
Where  violations  of  ambient  air  quality  standards  occur ,  these 
violations  are  primarily  limited  to  locations  on  the  airport. 
Furthermore,  under  "typical"  conditions  most  pollutant 
concentrations  are  well  within  applicable  standards . 

2 .       Emission  Inventory 

The  value  of  the  emission  inventory  is  to  demonstrate 
the  contribution  of  the  various  air  pollution  sources  to  resultant 
air  quality  conditions .   The  results  of  the  emission  inventory 
are  presented  for  the  following: 

On-airport  sources 

Aircraft 

Motor  vehicles  (autos,  trucks  and  buses) 

Service  vehicles 

Stationary 

Off- airport  motor  vehicles  accessing  the  airport 

Off- airport  motor  vehicles  not  accessing  the 
airport,  but  in  the  near  vicinity 

The  first  two  parameters  listed  above  represent  the  total 
airport- related  emissions  produced  in  the  Bay  region.  The 
third  parameter  is  included  since  it  provides  a  relative 
indication  of  the  contribution  of  unrelated  airport  motor 
vehicle  traffic  to  the  total  emissions  in  the  vicinity  of  the 
airport .   This  parameter  is  a  significant  input  to  the  dispersion 
modeling .   These  parameters  are  more  succinctly  defined 
as  follows: 
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Air  port- related  emissions  are  those  induced  by 
airport- related  activities,  and  represent  the  total 
emission  load  on  the  Bay  region  attributable  to 
SFIA. 

Airport  vicinity  emissions  affect  air  quality  in 
the  vicinity  of  the  airport,  but  are  not  attributable 
to  SFIA  activities,  i.e. ,  local  community  traffic. 

Off- airport  emissions  generated  by  access  vehicles 
are  attributable  to  SFIA,  but  do  not  totally  affect 
air  quality  in  the  vicinity  of  the  airport  since  part  ^ 
of  the  activity  occurs  many  miles  from  the  airport . 
It  is  estimated  that  approximately  20  percent  of 
these  emissions  affect  local  air  quality  in  the  vicinity 
of  SFIA . 

The  results  of  the  emission  inventory  for  the  six  scenarios 
is  presented  in  Exhibit  D-74,  following  this  page.   This  exhibit 
shows  individual  total  emissions  for  each  significant  source  for 
the  five  principal  pollutants;  carbon  monoxide,  total  hydrocarbons, 
oxides  of  nitrogen,  sulphur  dioxide  and  particulate  matter.  As 
indicated,  the  on-airport  emissions  do  not  change  significantly 
for  the  different  scenarios  with  the  exception  of  motor  vehicles . 
For  aircraft,  carbon  monoxide  and  sulphur  dioxide  emissions 
change  very  little,  hydrocarbons  and  particulate  emissions 
decrease  slightly  with  time,  and  oxides  of  nitrogen  approximately 
double  from  1974  through  1990.   Service  vehicles  and  stationary 
sources  contribute  very  little  to  total  emissions .   Both  airport 
related  and  vicinity  motor  vehicles  contribute  fewer  total 
emissions  through  time  for  all  pollutants  with  the  exception 
of  particulates . 

Exhibit  D-75,  following  Exhibit  D-74,  further  summarize 
the  emission  inventory.   This  exhibit  also  presents  an  estimate 
of  the  approximate  contribution  to  total  airport  vicinity 
emissions  of  the  various  sources .   This  estimate  is  an  indication 
of  the  effect  of  the  various  emission  sources  on  air  quality  in 
the  vicinity  of  SFIA.  As  indicated,  aircraft  currently  contribute 
approximately  24  percent  of  total  airport  vicinity  emissions . 
However,  the  percentage  contribution  of  aircraft  increases 
signficantly  with  time  (more  than  60  percent  by  1990)  . 
Similarly,  on-airport  emissions  currently  contribute  approximately 
40  percent  to  total  vicinity  emissions .   This  contribution 
increases  to  more  than  70 percent  by  1990.  On  the  other  hand. 
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EXHIBIT  D-74 
San  Francisco  International  Airport 
EMISSION  INVENTORY 
FOR  SIX  SCENARIOS 
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EXHIBIT  D-75 
San  Francisco  International  Airport 
SUMMARY  OF  TOTAL  EMISSIONS  AND 
APPROXIMATE  CONTRIBUTION  TO  TOTAL 
AIRPORT  VICINITY  EMISSIONS  BY  SOURCE 
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the  contribution  from  airport  vicinity  emissions  decreases 
with  time  from  approximately  45  percent  for  1974  to  approxi- 
mately 25  percent  by  1990.   These  results  are  due  to  the 
expected  reductions  in  motor  vehicle  emissions,  while  at 
the  same  time  very  little  relative  improvement  in  aircraft 
emissions  takes  place. 

Further  examination  of  Exhibit  D-75  indicates  a  significant 
reduction  in  total  airport  related  emissions,  from  approximately 
105  tons/day  in  1974  to  approximately  45  tons/day  in  1990. 
This  reduction  in  total  airport  related  emissions  has  a  net 
positive  effect  on  improved  local  air  quality  and  reduced  total 
air  pollution  emitted  in  the  Bay  region. 

The  results  of  the  emission  inventory  indicate  slightly 
fewer  total  emissions  under  the  proposed  airport  development 
option  than  the  no  development  option.   This  result  is  attributable 
to  reduced  motor  vehicle  idle  time  at  the  terminal  curbfront 
with  the  addition  of  the  North  Terminal.   The  alternative  which 
assumes  a  BART  link  to  the  airport  results  in  only  slightly 
fewer  total  emissions  than  the  other  options .  Only  slight 
reduction  in  total  emissions  with  BART  is  indicated  since  the 
concept  has  the  effect  of  replacing,  in  part,  the  current  form  of 
mass  transit  (airporter  bus)  ,  and  does  not  effectively  replace 
the  use  of  private  automobiles  for  airport  access . 

3.       Vehicle  Miles  of  Travel  (VMT) 

Exhibit  D-76,  following  this  page,  summarizes  the 
airport-related  VMT  generated  within  the  Bay  region  for  the 
six  evaluation  scenarios.  As  indicated,  the  airport-related 
VMT  is  directly  related  to  total  air  passengers.  From  1974  to 
1990  air  passengers  at  SFIA  will  increase  twofold  while  VMT 
during  the  same  period  also  will  increase  twofold . 

The  different  airport  configurations  basically  do  not 
affect  the  resultant  VMT,  since  VMT  is  a  function  of  passenger 
demand  and  not  airport  facilities .  The  introduction  of  a  BART 
link  to  SFIA  would  effectively  reduce  VMT  by  only  approxi- 
mately 5  percent. 

The  "Transportation  Control  Strategy"  for  the  Bay  region 
calls  for  significant  reductions  of  VMT  within  the  region  (3)  . 
The  forecast  increased  passenger  demand  at  SFIA  will  result 
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EXHIBIT  D-76 
San  Francisco  International  Airport 
SUMMARY  OF  AIRPORT 
RELATED  VMT 
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in  increases  in  airport-related  VMT,  and  therefore  is  not 
consistent  with  this  strategy.  However,  the  proposed  airport 
development  would  not  aggravate  this  problem,  since  increases 
in  VMT  would  result  with  or  without  the  airport  expansion . 

The  RASS  and  subsequent  regional  studies  of  the  Bay 
region  transportation  element  have  recommended  ultimate 
allocation  of  air  passenger  demand  at  SFIA  of  31  MAP 
in  1990 .  This  decision  has  been  made  with  consideration  of 
the  overall  impacts  on  the  region,  including  transportation 
facilities ,  socioeconomic  and  environmental .   The  net  effect 
of  the  regional  decision  is  an  unavoidable  increase  of  SFIA 
related  VMT .  As  noted ,  this  resultant  increase  is  independent 
of  the  proposed  airport  development. 

(3)      Mitigating  Measures 

The  proposed  development  of  SFIA  is  designed  to  accommodate 
passenger  allocations  under  the  RASS  Final  Plan .   The  decision  to 
assign  31  MAP  to  SFIA  involved  recognition  of  many  environmental 
advantages  of  further  expansion  of  SFIA  over  alternate  sites  ,  The 
SFIA  Expansion  Program  therefore  represents  mitigation  of  the 
overall  regional  impact  of  air  travel  growth . 

Specific  mitigating  elements  related  to  minimizing  adverse 
air  quality  impacts  include  the  following: 

The  increased  curb  frontage  afforded  with  the  North 
Terminal  addition  will  result  in  improved  traffic  flow, 
less  idle  time,  and  generally  less  congestion.  As  a 
result,  air  quality  conditions  would  be  improved 
over  that  which  would  exist  if  no  further  development 
takes  place. 
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The  terminal  improvements  and  increased  number  of 
aircraft  gates  will  result  in  reduced  aircraft  idle  time 
while  at  apron  areas .   This  element  will  also  result  in 
improved  air  quality  over  that  which  would  exist  if  no 
further  development  takes  place. 

The  SFIA  Expansion  Program  makes  provision  for  a 
direct  BART  connection  to  facilitate  transit  access 
and  reduce  dependency  on  auto  travel  for  passengers 
and  employees .  This  element  would  reduce  airport- 
related  VMT,  and  thus  reduce  air  contaminant  emissions 
and  improve  local  air  quality . 

Other  mitigating  measures  include  those  proposed  by  airport  manage- 
ment to  encourage  the  reduction  of  contaminant  emissions  generated  on 
the  airport.  These  measures  include  enforcement  of  access  vehicle 
idle  times  while  at  terminal  curbfronts ,  reduced  off-airport  parking  rates 
to  encourage  the  use  of  remote  parking  areas ,  enforcement  of  minimizing 
aircraft  idle  times  while  parked  at  apron  gates,  and  an  air  quality  moni- 
toring system  to  monitor  carbon  monoxide  concentrations  primarily  at 
passenger  loading  and  unloading  zones . 

(4)      Summary  and  Conclusions 

From  the  results  of  the  air  quality  evaluations ,  the  following 
conclusions  can  be  drawn  in  regard  to  the  impact  of  the  proposed 
airport  development  on  air  quality: 

SFIA  is  a  major  indirect  source  of  air  pollutants  in  the 
local  area.  However,  the  evaluation  indicates  that  the 
highest  concentrations  of  pollutants  are  confined  to  the 
airport  property  in  close  proximity  to  the  automobile 
and  aircraft  activity  centers .  The  evaluation  further 
indicates  that  the  air  quality  within  the  communities 
surrounding  SFIA  is  generally  within  acceptable  limits . 
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The  proposed  airport  development  program  will  not 
aggravate  the  air  quality  conditions  at  the  airport 
or  in  adjacent  communities  .  In  fact,  if  further  airport 
development  does  not  take  place  a  deterioration  of  local 
air  quality  will  result  due  to  increased  vehicle  congestion 
at  the  existing  terminal  curbfronts  and  extended  aircraft 
idle  time  at  apron  gate  areas .   The  addition  of  the  North 
Terminal  will  add  significantly  to  usable  motor  vehicle 
curb  frontage,  thus  permitting  more  efficient  vehicle 
flow ,  less  congestion  and  reduced  idle  times .  Additional 
aircraft  gates ,  particularly  those  for  wide-bodied 
aircraft,  will  permit  more  efficient  operation  at  apron 
and  taxi  areas ,  which  in  turn  will  result  in  less  air 
pollution . 

There  currently  are  violations  of  State  of  California  and 
National  Ambient  Air  Quality  Standards  at  the  airport . 
These  include  violations  of  the  one  hour  and  eight  hour 
carbon  monoxide  standards ,  the  one  hour  standard 
for  nitrogen  dioxide,  the  three  hour  standard  for 
non-methane  hydrocarbons,  and  the  one  hour  oxidant 
standard .   These  violations  principally  occur  during 
most  adverse  conditions,  for  example,  during  peak 
traffic  and  worst  case  meterorological  conditions .  The 
probability  of  occurrence  of  these  violations  is  of  the 
order  of  three  days  per  year.   The  locations  where 
standards  are  being  violated  include  terminal  curbfront 
areas  near  passenger  loading  and  unloading  zones, 
apron  areas,  and  adjacent  active  runways. 

The  results  of  the  evaluation  show  a  clear  trend  toward 
overall  improvement  of  local  airport  area  air  quality 
conditions  in  the  1982  and  1990  time  periods  which  were 
analyzed.  For  example,  total  airport-related  emissions 
will  be  reduced  from  approximately  105  tons  per  day 
in  1974  to  approximately  45  tons  per  day  in  1990.  (The 
improvements  are  principally  due  to  reduced  emissions  from 
motor  vehicles  . )   As  a  result  both  on-airport  and  local 
air  pollution  concentrations  will  be  reduced .   If  the 
proposed  airport  development  takes  place,  no  violations 
of  the  one  hour  or  eight  hour  carbon  monoxide  standards 
will  occur  by  1990  even  under  most  adverse  conditions . 
On  the  other  hand,  if  no  further  development  takes  place, 
violations  of  the  eight  hour  carbon  monoxide  standard 
will  occur.  By  the  year  1990  there  will  still  be  potential 
violations  of  nitrogen  dioxide,  non-methane  hydrocarbon, 
oxidant  and  particulate  standards  for  both  the  proposed 
development  or  no  development  options  . 
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APPENDIX  E 

WATER  USAGE  AND  WASTEWATER  GENERATION 


WATER  USAGE  AND  WASTEWATER  GENERATION 


This  appendix  discusses,  freshwater  requirements  versus  available 
supply,  and  liquid  waste  volumes  versus  treatment  capacities  at  SFIA. 

1.  INTRODUCTION 

By  the  mere  fact  of  its  present,  San  Francisco  International  Airport 
generates  a  substantial  requirement  for  freshwater  and  a  substantial  volume 
of  wastewater  and  other  liquid  wastes .  Furthermore ,  it  is  certainly  true 
that  as  activity  levels  at  SFIA  rise,  both  its  freshwater  requirements  and 
it  volume  of  liquid  waste  effluent  will  increase  also .   The  magnitudes  of 
these  changes  are  of  significant  and  legitimate  concern  to  the  community 
and,  therefore,  they  are  discussed  here  in  some  detail. 

However,  in  reading  this  appendix,  it  is  imperative  that  one  "keep 
his  eye  upon  the  donut,  and  not  upon  the  hole."  That  is  to  say,  the 
EIAR  of  which  this  appendix  is  a  part  focuses  upon  the  environmental 
impacts  of  a  particular  expansion  project  at  SFIA.  More  particularly,  it 
seeks  to  identify  the  ways  in  which  the  SFIA  area  environment  would 
differ  (for  better  or  worse)  in  the  future  as  a  function  of  the  decision  to 
proceed,  or  not  to  proceed  with  the  proposed  development  program , 

In  general,  air  transportation  demand  at  a  major  hub  airport  is 
influenced  very  little  by  the  quality  of  the  airport's  facilities .   In  the  main, 
national  and  local  economic  conditions  determine  the  levels  of  demand  for 
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air  transportation.  Thus,  freshwater  requirements  and  liquid  waste  volumes 
at  SFIA  will  increase,  in  virtually  the  same  way,  whether  or  not  the  proposed 
expansion  project  is  undertaken.    It  is  extremely  important  to  keep  firmly 
in  mind  that  these  increases  are  not  the  consequences  of  the  proposed 
project  but  rather  are  the  by-products  of  a  growing  and  prospering  Bay 
Area . 

The  data  used  in  this  appendix  have  been  supplied  by  the  airport 
engineering  office.   They  incorporate  past  and  present  studies  by  various 
contractors  and  consultants.  Where  necessary,  the  data  supply  by  consultants 
have  been  revised  in  the  light  of  more  recent  data  not  available  at  the  time 
when  the  reports  were  prepared  and  other  relevant  material.  In  particular, 
projections  have  been  made  as  a  function  of  increased  passenger  traffic,  for 
those  parameters  directly  affected  by  the  magnitude  of  the  passenger  traffic. 
For  industrial  wastes ,  the  number  of  operations  has  been  selected  as  the 
quantifier  for  projection,  because  it  appears  that  industrial  activity  is  more 
directly  linked  to  the  number  of  aircraft  handled  than  to  the  number  of 
passengers . 

2.        WATER  REQUIREMENTS 

In  this  section  the  water  requirements  of  SFIA  are  reviewed  based 
on  historical  data  and  available  projections. 
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(1)      Water  Usage 

In  a  study  prepared  in  1970  for  the  Airport  Commission, 
Metcalf  and  Eddy  (1)  offered  projections  of  water  usage  presented 
in  the  table  below . 

Projected  Water  Usage 


Average  Water  Usage 

Year  Passengers  Per  Year   (mgd)  

1970  16,500,000  2.2 

1975  22,500,000  4.0 

1980  22,500,000  5.0 


These  projections  implied  average  consumption  per  passenger  as 
shown  in  the  following  table . 


Projected  Average  Water  Usage  Per  Passenger  Handled 


Year  Gallons /Passenger 
1970  50 
1975  65 
1980  70 


A  large  portion  of  this  water  must  be  attributed  to  the  operation 
of  support  facilities ,  the  requirements  of  which  may  not  be  directly 
related  to  the  number  of  passengers .  These  projected  increases  in 
the  per  passenger  usage  assumed  the  development  of  facilities , 
which  subsequently  were  not  developed . 
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In  fact,  water  usage  per  passenger  has  actually  decreased  as  the 
number  of  passengers  increased  as  is  shown  in  the  table  below . 

Actual  Water  Usage  Per  Passenger  Handled 


Year  Passengers/Day  Gallons  /Passenger 

1972  40.038  41.5 

1973  42,649  40.5 

1974  44,386  40.2 


It  thus  appears  that  the  projections  of  water  usage  have  to  be 
revised.  Metcalf  and  Eddy  (2)  concurs  with  this  conclusion.  From 
the  above  results  it  appears  conservative  to  project  on  the  basis  of 
about  40  gallons  of  water  per  passenger.   The  revised  projections  of 
water  usage  are  presented  in  the  following  table. 

Revised  Water  Usage  Projections 


Average  Water  Usage 

Year 

Passengers /Year 

(mgd) 

1974 

16,200,000 

1.8 

1982 

24.000,000 

2.6 

1990 

31.000,000 

3.4 

(2)      Water  Supply 

SFIA  receives  its  water  from  the  San  Francisco  Water 
Department.    In  1972  the  average  total  amount  of  water  supplied 
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to  the  City  of  and  County  of  San  Francisco  was  251  mgd .  In  1985,  the 
capacity  of  the  system  will  be  about  350  mgd.   During  1972,  the  airport 
consumption  averaged  about  1 .  7  mgd .  or  about  0  . 7  percent  of  that 
supplied  to  the  City  and  County  of  San  Francisco.  According  to 
these  projections,  the  consumption  by  the  airport  should  continue  to 
be  less  than  1  percent  of  the  supply . 

3.       WASTEWATER  GENERATION 

This  section  analyzes  present  and  future  wastewater  loads  and 
describes  the  present  wastewater  handling  facilities,  together  with  a 
proposed  industrial  wastewater  treatment  system . 

(1)      Wastewater  Loads 

The  wastewaters  generated  by  SFIA  operations  fall  into  three 
categories: 

Sanitary  Wastes 
Industrial  wastes 
Storm  runoff 

The  present  collection  system  does  not  differentiate  between 
industrial  wastes  and  storm  water  runoff  at  least  in  most  airport 
areas  .  This  situation  is  further  addressed  below . 

1 .       Sanitary  Wastes 

There  are  three  main  sources  of  airport-related  sanitary 
wastes: 
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Wastes  generated  by  employees  and  support 
facilities 

Wastes  generated  by  passengers  using  airport 
facilities 

Wastes  generated  aboard  aircraft 

Exhibit  E-1,  on  the  following  page,  shows  the  average  daily 
flows  of  sanitary  wastes  from  all  services  for  1972  through 
1974,  as  well  as  the  range  of  the  flows .  Based  on  this  data, 
the  average  sanitary  waste  loads  per  passenger  are 
presented  in  the  following  table . 

Average  Sanitary  Loads  Per  Passenger 


Year  Passenger/Day  Gallons /Passenger 

1972  40,038  18.5 

1973  42,649  18.2 

1974  44,386  20.7 


This  data  indicate  that  the  average  sanitary  waste  is 
approximately  19  gallons  per  passenger .  Using  this 
figure ;  and  assuming  that  all  sanitary  wastes  loads  are 
proportional  to  numbers  of  passengers,  the  projected 
sanitary  waste  loads  for  1982  and  1990  are: 

Average  Daily  Sanitary  Waste  Loads 

Average  Sanitary  Waste  Load 
Year  Passenger /Year   (mgd)  

1982  24,000,000  1.1 

1990  31,000,000  1.6 

Exhibit  E-2,  following  Exhibit  E-1,  shows  the  normalized 
variations  in  waste  loads  for  the  years  1972,  1973,  and  1974. 
Over  the  three  year  period,  the  maximum  peak  day  exceeded 
the  average  daily  .load  by  an  average  of  85  percent.  Based 
on  this  value  the  expected  maximum  peak  loads  are: 
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EXfflBIT  E-1 
San  Francisco  International  Airport 
SANITARY  WASTE  FLOWS 


YEAR 

19  7  2 

19  7  3 

- 

.974 

^  ^  Plow 
Month^  ^ 

Avg. 
Daily 
(mgd) 

Max, 
Daily 
(mgd) 

Min. 
Daily 
(mgd) 

Avg. 
Daily 
(mgd) 

Max. 
Daily 
(mgd) 

Min. 
Daily 
(mgd) 

Avg. 

Dai  W 

(mgd) 

Max . 
Daily 
(mgd) 

Min. 
Daily 
(mgd) 

January 

.628 

.742 

.489 

0.566 

0.852 

0.025 

0.791 

1.385 

0.593 

February 

.692 

.859 

.543 

0.853 

1.103 

0.721 

0.774 

0.845 

0.595 

March 

.748 

.948 

.600 

0.806 

0.897 

0.717 

0.822 

1.336 

0.465 

April 

.684 

.881 

.509 

0.729 

0.864 

0.545 

0.958 

1.394 

0.794 

May 

.708 

.831 

.556 

0.742 

0.845 

0.515 

0.954 

1.115 

0.616 

June 

7^7 

,  O DU 

n  fti ft 

u  .  o  xo 

n  Q 1  n 

n  pftQ 
u .  uoy 

0.996 

U  .  (  bl 

July 

.822 

.929 

.714 

0.792 

1.123 

0.647 

0.931 

1.088 

0.759 

August 

.837 

.966 

.673 

0.827 

0.943 

0.679 

0.938 

1.154 

0.605 

September 

.779 

.921 

.622 

0.717 

0.800 

0.525 

0.918 

1.070 

0.707 

October 

.834 

1.288 

.399 

0.808 

1.153 

0.677 

0.968 

1.190 

0.770 

November 

.829 

1.179 

.648 

0.857 

.578 

0.688 

0.908 

1.213 

0.815 

December 

.650 

.831 

.495 

0.819 

1.217 

0.585 

0.958 

1.652 

0.442 

Annual  Average 

.745 

.938 

.568 

0.778 

1.024 

0.579 

0.923 

1.232 

0.662 

Source:   SFIA  Engineers 


EXHIBIT  E-2 
San  Francisco  International  Airport 
NORMALIZED  SANITARY  WASTE  FLOWS 


YEAR 

19  7  2 

19  7  3 

L  9  7  4 

\  Flow 

\ 

Month  V 

Avg. 
Daily 
(mgd) 

Max . 
Daily 
(mgd) 

Mm . 

Daily 
(mgd) 

Avg. 
Daily 
(mgd) 

Max . 
Daily 
(mgd) 

Min . 
Daily 
(mgd) 

Avg. 
Daily 
(mgd) 

Max . 
Daily 
(mgd) 

Min . 
Daily 
(mgd) 

J  anuary 

.  O'i.O 

QQQ 

.  0  uo 

1  nQ*^ 

J.  .  \Jt)U 

.858 

1  1 
1  .  D  lO 

.u'xo 

February 

.  9oU 

1    1  KO 

.  1  oU 

1  007 

1    A  on 

.838 

1  noo 
1 

a  A  A 

March 

.999 

1.271 

n  A  c 

.  805 

1      A  O 

1 .037 

1  ICO 

1 . 153 

A  O  O 

.923 

1.000 

1 . 445 

C  A  C 

.  505 

April 

Q1  Q 
.a  La 

1  1  on 

.  I  aO 

.vol 

1  1 1  n 

RQfl 
.  Doo 

1.038 

.  oOo 

May 

.952 

1 . 130 

.754 

.957 

1 .085 

.663 

1.034 

1 .207 

.668 

June 

.990 

1.194 

.773 

1.051 

1.168 

.898 

1.029 

1.340 

.857 

July 

1.103 

1.243 

.970 

1.020 

1.445 

.833 

1 .077 

1.175 

.823 

August 

1.125 

1.295 

.904 

1.064 

1.210 

.863 

1.080 

1.250 

.705 

September 

1.045 

1.236 

.835 

.923 

1.030 

.676 

.993 

1.158 

.767 

October 

1.120 

1.730 

.537 

1.039 

1.480 

.860 

1.035 

1.287 

.835 

November 

1.112 

1 . 582 

.870 

1.103 

2.010 

.808 

.983 

1 .315 

.883 

December 

.873 

1.116 

.665 

1.052 

1.564 

.753 

1.038 

1.790 

.478 

Annual  Average 

1.258 

1.763 

1.315 

.745 

1 .335 

.717 

Source:     Landrum  and  Brown  estimates  based  on  Exhibit  E-1 


Estimated  Peak  Sanitary  Waste  Loads 


Year 


Peak  Sanitary  Waste  Load 
 (mgd)  


1982 


2.0 


1990 


3.0 


2.       Industrial  Wastewaters 

Industrial  wastewaters  are  generated  primarily  by  the 
maintenance  and  support  facilities .   The  principal  sources 
of  wastewaters  are: 


During  1973  when  there  were  262,276  air  carrier  operations,  the 
average  industrial  wastewater   flow  was  estimated  by  Consoer 
and  Townsend  to  be  about  1.1  mgd.  including  infiltration  (3)  . 
Industrial  activity  at  the  airport  is  dominated  by  the  general 
aircraft  maintenance  facility  of  a  major  airline  which  according 
to  a  report  prepared  by  Consoer  and  Townsend  (4)  represents 
61  percent  of  industrial  wastewaters  generated  at  SFIAi^  . 
Although  the  growth  of  this  facility  is  not  directly  related  to  the 
growth  of  SFIA ,  but  rather  to  the  growth  of  one  airline ,  a  good 
index  of  growth  for  this  facility  is  the  increase  in  operations 
at  SFIA,  since  this  would  reflect  more  closely  the  trend  toward 
larger  capacity  aircraft,  and  the  eventual  fleet  composition 
changes  .  Another  major  source  of  industrial  wastewater  is 
aircraft  washing  operations  which  are  also  linked  to  the  number 
of  operations .  Automobile  washing  by  the  rental  companies  is 
said  to  represent  over  1,000  cars  per  day.   This  activity  is 
directly  linked  to  the  originating  and  terminating  passenger 
traffic.   Assuming  about  50  gallons  per  day,  this  activity  would 
represent  only  about  0.05  to  0.1  mgd.  and  thus  no  more  than 
about  8  percent  of  the  total  industrial  usage  under  peak 
conditions . 


Maintenance  operations 


Aircraft  washing 


Automobile  washing  by  rental  companies 


1/ 


This  figure  represents  the  percentage  contribution  estimated  for 
dry  weather  conditions . 
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Assuming  that  industrial  waste  flows  are  proportional  to 

number  of  operations,  the  projected  industrial  waste 

flows  for  the  planning  year  are  as  shown  in  the  table  below . 


Projected  Industrial  Waste  Flows 
Year         Airline  Operations        Industrial  Waste  Flows  (mgd) 
1974  287,490  1.2 

1982  321,130  1.3 

1990  314,830  1.3 


Exhibit  E-3,  on  the  following  page,  presents  the 
water  quality  characteristics  of  the  industrial  wastewater . 

3 .       Storm  Runoff 

The  planned  expansion  of  the  airport  to  accommodate 
the  large  number  of  passengers  would  not  significantly  alter 
the  runoff  conditions  .  Only  minimal  additional  paving  is 
anticipated  over  the  conditions  existing  in  1974.  Thus,  it 
is  felt  that  general  runoff  will  not  be  significantly  different 
from  what  it  is  today .   The  figures  for  estimated  storm  run- 
offs for  industrial  areas  are  presented  in  Exhibit  E-4, 
following  Exhibit  E-3.   Using  similar  figures  for  the  airport, 
with  a  total  drainage  area  estimated  at  approximately  1,500 
acres  and  an  overall  runoff  coefficient  of  80  percent,  the 
estimated  total  runoffs  are  given  as  follows: 

Estimated  Overall  Storm  Runoff 

Runoff  (mgd) 
12.2 
22.6 
71.5 


Duration  of  Peak  Rainfall 
30  min. 

2  hrs. 
24  hrs. 
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EXHIBIT  E-3 

San  Francisco  International  Airport 

CHARACTERISTICS  OF  INDUSTRIAL 
WASTEWATERS 


Combined  Industrial  Waste  Water 

Parameters 

Average 

Maximum 

pH  (Unit) 

6-8 

4-9 

Suspended  Solids 

175 

Volatile  Suspended  Solids 

-  70 

Total  Solids 

5500 

Total  Volatile  Solids 

960 

'Ammonia  (as  N) 

ND^"^^ 

Turbidity  (jtu) 

60 

BOD 

100 

233 

COD 

Arsenic 

<0.02 

Lead 

0.25 

0.74 

Silver 

0.02 

0.08 

Mercury 

0.0013 

0.0018 

Cadmium 

0.15 

0.16 

Chromium 

0.65 

0.90 

Copper 

0.20 

0.81 

Nickel 

0.65 

1.40 

Zinc 

0.30 

0.70 

Grease 

50 

596 

Cyanide 

<0.1 

.012 

Phenols 

0.5 

5.0 

MBAS 

6.0 

Chlorinated  Hydrocarbon 

0.00018 

(1)  All  units  are  in  mg/1  unless  otherwise  indicated . 

(2)  Non-Detectable 


Source:    Reference  (3) 


EXHIBIT  E-4 
San  Francisco  International  Airport 


STORM  RUNOFF  ESTIMATES 


RAINFALL  DATA 

Average  Annual  Rainfall  18-20  inches/year 
2  Year  Recurrence  Interval 

Duration 
of 
Peak 

Precipitation  During  Peak  Period 

Total 

Average  Rate 

Runoff 
Coefficient 

30  min. 

2  hrs . 
24  hrs. 

.38  in. 
.70  in.  - 
2.20  in. 

.760  in./hr. 
.350  in./hr. 
0.92  in./hr. 

85% 
85% 
85% 

INDUSTRIAL  AREA  DRAINING  TO  SOUTH  POND 
Area  300  Acres 

Duration 
of 

Peak 

Total  Runoff  During  Peak  Period 

Acre  Ft. 

MG 

30  min. 

2  hrs . 
24  hrs. 

8.1 
14.9 
46.8 

2.6 
4.8 
15.2 

INDUSTRIAL  AREA  DRAINING  TO  NORTH  POND 
(Excluding  Northeast  Industrial  Area) 

Area  290  Acres 

Duration  ^ 
of 
Peak 

Total  Runoff  During  Peak  Period 

Acre  Ft. 

MG 

30  min. 

2  hrs . 
24  hrs. 

7.8 
14.4 
45.2 

2.6 
4.7 
14.7 

Source  Reference  (4) 


(2)      Wastewater  Handling  Facilities 


This  section  describes  the  present  wastewater  transmission 
systems,  the  present  sanitary  waste  treatment  plant  and  the  present 
and  proposed  industrial  waste  treatment  systems. 

1 .       Sanitary  Sewerage  System 

The  sanitary  sewerage  system  at  SFIA  consists  of  a 
number  of  gravity  collection  sewers,  pumping  stations,  and 
a  common  force  main  connected  to  the  sanitary  sewage 
treatment  plant.   This  system  is  depicted  on  Exhibit  E-5, 
following  this  page .   The  gravity  sewers  serve  local  areas 
and  discharge  to  the  pumping  stations  .  These  stations ,  in 
turn,  pump  the  sewage  through  branch  force  mains  into  a 
primary  14-inch  force  main  traversing  the  property  from  the 
main  entrance  road  to  the  sanitary  sewage  treatment  plant. 
This  system  serves  the  total  present  SFIA  development. 

The  disposal  of  sanitary  wastes  from  aircraft  arriving 
at  San  Francisco  poses  a  problem  to  current  airport  sanitary 
waste  discharges .  Present  day  aircraft  use  recirculating 
chemical  toilets  which  use  very  little  water .  Under  standard 
procedures,  these  toilets  are  drained  into  tank  trucks,  and 
the  wastes  are  then  delivered  to  receiving  stations  to  be 
discharged  to  a  sewer  .  However ,  part  of  these  wastes  may  be 
discharged  into  the  industrial  storm  water  network .  This  may 
account  for  the  reported  presence  of  fecal  coliforms  in  the 
industrial  storm  water  wastes  discharged  to  San  Francisco 
Bay. 

An  additional  problem  with  the  sewer  system  is  that  of 
some  dislocations  and  misalignment  caused  by  settling  of  the 
airport  fill.  This  results  in  some  areas  having  flat  or  adverse 
slopes  which  inhibit  flow;  however,  no  major  problems  have 
yet  occurred  and  no  serious  problem  is  anticipated  for  the 
foreseeable  future.  Cleaning  of  some  individual  section  may 
be  required  from  time  to  time. 
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Source:    SFIA  Eno-ineers 


A  secondary  activated  sludge  treatment  facility  has  been 
in  operation  since  August  1970  at  SFIA.  Exhibit  E-6,  on  the 
following  page,  presents  an  architectural  rendering  of  the 
facility.  Exhibit  E-7,  following  Exhibit  E-6,  shows  the  flow 
diagram  of  the  treatment  plant.  The  basic  design  criteria  are 
given  in  Exhibit  E-8,  following  Exhibit  E-7. 

As  can  be  seen  from  the  flow  diagram ,  the  plant  is  a 
typical  activated  sludge  treatment  facility  with  anaerobic 
sludge  digestion  followed  by  vacuum  filtration .  The  treated 
effluent  is  presently  being  discharged  to  the  joint  South  San 
Francisco-San  Bruno  outfall  which  in  turn  discharges  to  the 
San  Francisco  Bay  about  one  mile  offshore. 

2.       Present  Industrial  Waste  Transmission  System 

At  present,  industrial  wastewaters  discharge  to  the  storm 
drainage  network.  This  network  is  presented  in  Exhibit  E-9, 
following  Exhibit  E-8.   The  drainage  system  is  a  complex 
network  of  gravel  subdrains ,  surface  catchbasins  and  drainage 
pipelines  and  canals .  The  system  carries  wastewater  either  to 
Drainage  Pumping  Station  No .  1  at  the  south  end  of  the  airport 
or  to  Drainage  Pumping  Station  No .  2  near  the  north  end  of 
the  airport.  Numerous  peripheral  pipes  drain  the  outer  runways 
and  taxiways  directly  to  the  Bay . 

The  southern  portion  of  the  system  drains  the  terminal, 
all  tenant  properties  south  of  the  main  entrance  road,  and  the 
southern  half  of  the  runways  .  The  major  conduits  discharge 
to  the  South  Airport  Canal.   The  dry  weather  flow  discharged 
to  the  canal  is  pumped  into  the  South  Oxidation  Pond  for 
treatment  of  industrial  wastes  .  During  wet  weather  the 
excess  flow  in  the  canal  is  pumped  to  the  Bay  by  Drainage 
Pumping  Station  No .  1 . 

The  northern  portion  of  the  system  drains  the  remainder 
of  the  airport  property.  The  drains  discharge  to  the  former 
Administration  Building  Canal,  now  called  the  Old  Bayshore 
Canal. 
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EXHIBIT  E-6 
San  Francisco  International  Airport 
SANITARY  SEWAGE  TREATMENT 
PLANT 


CITY  AND  COUNTY  OF  SAN  FRANCISCO 
AIRPORTS  COMMISSION 

SAN  FRANCISCO  INTERNATIONAL  AIRPORT 


WATER  QUALITY  CONTROL  PLANT 


EXHIBIT  E-7 

San  Francisco  International  Airport 
TREATMENT  FLOW  DIAGRAM 
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Source:    SFIA  Engineers 
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San  Francisco  International  Airport 

SANITARY  TREATMENT  PLANT  DESIGN 
CRITERIA 


INCOMING  WASTE  WATER: 


Design  average  daily  flow 
Design  peak  hourly  flow 
Design  peak  flow  (hydraulic) 
Present  minimum  flow 
B.O.D. 


250  ppm 

250  ppm 
85% 

75  ppm 


2.2  mgd 

3.3  mgd 

4.4  mgd 
0.6  mgd 


Suspended  solids 
Volatile  solids 
Grease 


GRIT  COLLECTOR:     An  endless  chain  mechanism  with  a  screw  conveyor 
for  land  disposal  of  grit. 

SCREENS:     One  bar  rack  and  2  mechanical  bar  screens. 

RAW  WASTE  WATER  PUMPS:     One  constant  speed  drive  and  2  variable 
speed  drive. 

PRIMARY  SEDIMENTATION:     Surface  loading,  800  gallons  per  square  foot 
per  day.     2.5-hour  detention,  20%  B.O.D.  reduction. 

AERATION:     2  tanks,  B.O.D.  loading  33  lbs.  per  100  lbs.  B  .0  .D  ./day/lb . 
MLSS.    Solids  loading  2000  ppm.    Return  solids  pumps,  2.2  mgd.  Aeration 
units  are  operated  as  in  the  conventional  activated  sludge  process . 

SECONDARY  SEDIMENTATION:     One  tank,  surface  loading  700  gallons  per 
square  foot  per  day,  2.5-hour  detention  at  2.2  mgd. 

DISINFECTION:     25  minutes  in  chlorine  contact  basin  and  9  minutes  in 
outfall  sewer .    3  chlorinators ,  1  for  pre-chlorination  and  1  for  post- 
chlorination  each  of  2000  lbs,  per  day  capacity,  and  1  for  reclaimed  water 
chlorination  of  100  lbs .  per  day;     flow  proportional  control  for  influent 
and  effluent  chlorinators . 

RECYCLE:     A  portion  of  the  treated  waste  water  is  reclaimed  for  various 
plant  uses. 

SOLIDS  HEATING  AND  DIGESTION:     The  solids  are  heated  and  digested 
in  2  tanks,  82,680  cu.  ft.  total  capacity. 

SOLIDS  CONDITIONING:   One  rotary  vacuum  filter  for  dewatering  sludge  to 
minimum  water  content  for  hauling  to  disposal.   Sludge  beds  available  for  standby . 


Source:    SFIA  Engineers 


—  EXHIBIT  E-9 

San  Francisco  International  Airport 
DRAINAGE  UTILITIES  PLAN 


Dry  weather  flow  is  pumped  from  the  canal  into  the  North 
Oxidation  Pond  for  treatment  of  industrial  wastes.  The  excess 
flow  in  the  canal  during  wet  weather  is  collected  by  a  45-inch 
drain  which  carries  the  flow  to  Drainage  Pumping  Station  No .  2 
where  it  is  pumped  to  the  Bay  at  the  Seaplane  Harbor . 

The  peripheral  drains  have  all  been  installed  with  tide 
gates .   The  gates  have  become  corroded  and  encrusted  with 
marine  growths  which  prevent  the  complete  closure  at  high 
tide.  As  a  result,  some  water  backs  up  into  the  drainage 
system  at  high  tides . 

The  major  drains  parallel  to  runways  IL  and  IR  are 
believed  to  be  restricted  near  their  outlets  into  the  South 
Airport  Canal.   These  lines  cross  the  Old  Bayshore  Highway 
embankment  which  undoubtedly  has  not  been  settling  as  fast 
as  the  runway  area  fill  over  most  of  the  length  of  the  drains . 

Poor  slopes  also  have  resulted  from  differential  settle- 
ment in  other  areas.  Sections  of  primary  drains  which  have 
settled  considerably  below  the  average  invert  grade  may  need 
to  be  inspected  and  cleaned  periodically  to  assure  the  free 
flow  of  stormwater  .  Severe  grade  changes  should  be  corrected 
by  removing  and  replacing  the  drain. 

The  45-inch  drain  from  the  Old  Bayshore  Canal  to 
Pumping  Station  No.  2  now  serves  considerably  more  area 
for  which  it  was  originally  designed.  The  area  of  about  100 
acres  west  of  the  Old  Bayshore  Highway  from  the  North 
Oxidation  Pond  to  the  North  Canal  originally  drained  to  the 
North  Canal.   The  outlet  from  this  area  into  the  North  Canal 
was  plugged  to  prevent  backflow  from  the  canal  at  high  tide. 
The  area  now  drains  into  the  45-inch  drain  to  Pumping 
Station  No.  2.   This  drain  serves  a  total  area  of  about  375 
acres;  it  was  originally  designed  for  less  than  one-half  that 
acreage.  In  addition,  about  half  of  the  acreage  has  been 
paved  since  the  installation  of  this  main.  The  45-inch  main 
may  not  be  capable  of  handling  expected  stormwater  flows 
without  flooding  of  the  area  adjacent  to  the  Old  Bayshore  Canal 
north  of  runways  lOL  and  lOR.   Considerable  flooding  may  also 
occur  in  the  areas  between  South  Airport  Boulevard  and  the 
Bayshore  Freeway . 
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3.       Present  Industrial  Wastewater  Treatment 


The  tenant-owner  relationship  at  the  airport  provides 
that  each  tenant  is  responsible  for  collecting  all  industrial 
waste  generated  in  his  own  area,  with  the  exception  of  the 
passenger  terminal  area  and  some  cargo  areas .   The  tenant 
must  construct  all  buildings  and  pipelines  and  may  connect 
to  the  airport's  drainage  systems  at  only  one  point.  The 
terminal  buildings  are  constructed  by  the  airport  to  the  tenants' 
specification.   The  tenants  are  required  to  comply  with  airport 
regulations  which  provide  for  the  location  and  nature  of  their 
operations  and  the  quality  and  method  of  disposal  of  their  wastes . 

The  industrial  waste  produced  in  shops  and  service 
hangars  is  handled  in  one  of  three  ways:    isolation,  separation, 
or  treatment. 

The  tenants  maintain  oil  and  waste  collection  tanks . 
Concentrated  wastes  such  as  used  crankcase  oil,  paint 
thinners  and  cleaning  solvents  are  isolated  at  the  source  and 
collected  for  ultimate  disposal  off  the  airport  site  by  a  scavenger. 
This  method ,  if  properly  and  diligently  followed ,  eliminates 
the  waste  from  the  collection  system . 

On  pipelines  which  lead  away  from  known  sources  of 
industrial  waste  which  cannot  be  isolated ,  such  as  outdoor 
steam  cleaning  points,  hangar  floor  gutters  and  aircraft 
washing  areas,  the  tenants  maintain  gravity  oil  and  grease 
separators .   There  are  many  different  sizes  and  types  of 
separators  being  used  and  their  ability  to  separate  wastes 
varies  considerably .  They  all  have  the  basic  problem  of 
short  detention  periods  and  require  frequent  cleaning .  The 
efficiency  of  many  of  the  separators  is  hampered  by  the  fact 
that  the  oil  and  grease  is  held  in  suspension  by  strong  deter- 
gents .  Waste  from  the  separators  is  disposed  in  waste 
collection  tanks,  while  the  effluent  drains  into  the  storm 
drain  system . 

Some  of  the  airlines  and  related  industries  have  wastes 
which  are  of  a  nature  that  they  may  not  be  discharged  without 
pretreatment.   The  treatment  plants  for  these  wastes  are  pri- 
marily designed  for  oil  and  grease  removal  except  for  the 
United  Airlines  Maintenance  Base  which  is  more  extensive. 
All  of  the  pretreatment  plants  are  currently  under  study 
because  of  the  need'to  comply  with  the  airport's  relatively 
new  waste  discharge  regulations . 
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All  the  industrial  wastewater,  except  that  from  several 
sources  which  are  not  connected  to  the  airport  storm  sewer 
system ,  is  pumped  into  the  existing  North  or  South  Oxidation 
Ponds  during  dry  weather .  During  wet  weather ,  the  flow  in 
excess  of  pump  capacity  to  the  oxidation  ponds  is  diverted 
and  discharged  directly  to  the  Bay.   The  diverted  flow  is  a 
mixture  of  storm  water  and  industrial  waste  water . 

The  two  existing  oxidation  ponds  are  designated  as  the 
South  Pond  and  the  North  Pond .  The  South  Pond  has  a  capa- 
city of  approximately  2,300,000  gallons  which  provides 
about  15  days  of  detention  time  for  dry  weather  flow  from  the 
south  area .  The  capacity  of  the  North  Pond  is  approximately 
15,600,000  gallons  and  provides  16  days  detention  for  indus- 
trial waste  from  the  north  and  northeast  areas . 

The  industrial  wastewater  collected  by  the  existing 
storm  drainage  system  is  transported  to  channels  where 
pump  stations  are  located .  When  the  flow  reaches  a  predeter- 
mined elevation,  the  pumps  are  activated  and  the  wastewater 
is  pumped  into  the  ponds .  While  the  wastewater  is  being  held 
in  the  channels ,  the  oil  floats  to  the  surface  and  the  solids 
settle  to  the  bottom  of  the  channel .   The  oil  and  solids  accum- 
ulate in  the  channel  until  it  rains.  Then  the  accumulated  oil, 
along  with  a  portion  of  the  settled  solids ,  is  flushed  to  the 
Bay.  Therefore,  the  ponds'  influent  and  effluent  waste 
characteristics  are  not  representative  of  the  actual  waste 
loadings  or  removal  efficiencies  . 

Oil  and  grease  are  further  separated  from  the  waste 
water  in  the  pond.  However,  without  any  skimming  mechanisms, 
the  floating  oil  is  swept  by  the  wind  across  the  pond ,  onto 
the  banks  and  some  drifts  over  the  weir  and  to  the  effluent 
pump  station .  The  oil  is  seldom  pumped  from  the  wet  well 
until  there  is  a  storm .  Most  of  the  suspended  solids  in  the 
wastewater  settle  in  the  pond.  However,  the  algae  growth  in 
turn  creates  suspended  solids  which  appear  in  the  pond 
effluent  and  contribute  to  the  effluent  BOD .  If  the  two  oxida- 
tion ponds  were  to  remain  in  service,  provisions  would  have 
to  be  made  for  removal  of  oil  and  algae.  However,  even  then, 
heavy  metal  removal  would  possibly  remain  a  problem . 
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There  does  exist  the  potential  for  improper  handling 
of  industrial  wastes .  This  includes  failure  by  airport  tenants 
to  observe  good  housekeeping  practices,  accidental  or  deliberate 
dumping  of  oily  or  toxic  wastes ,  and  improper  maintenance  of 
oil  and  grease  traps .  The  airport  management  has  tried  to 
ameliorate  the  situation  in  various  ways: 

Educational  programs  with  tenants 

Constant  follow-up  to  observe  and  promote  good 
management  practices  for  their  oil  and  grease  facilities . 

Initiation  of  a  vigorous  monitoring  program . 

Exhibit  E-10,  on  the  following  page,  shows  the  citation  forms  issued 
to  tenants  found  in  violation  of  good  waste  management  practices . 

4.       Proposed  Industrial  Wastewater  Treatment  Facilities 

An  industrial  wastewater  treatment  system  is  an  element 
of  the  expansion  program  at  SFIA.  In  1973  the  Airport  Commis- 
sion retained  Consoer,  Townsend  and  Associates  to  prepare 
a  plan  for  such  a  system.  The  study  by  Consoer,  Townsend  and 
Associates  supplemented  by  an  additional  study  provides  the  pre- 
liminary design  for  the  treatment  of  industrial  wastewaters  (3) ,  (4)  . 

The  proposed  system  incorporates  a  collection  network  as 
presented  in  Exhibit  E-11,  which  follows  Exhibit  E-10.  The 
industrial  wastewater  treatment  facilities  would  include: 

An  equalization  pond  of  one  million  gallons 
capacity,  incorporating  some  skimming 
device  to  remove  oil . 

Oil  separators  for  the  removal  of  easily 
separated  oil. 

Separators  for  the  dispersed  oil,  including 
addition  of  acid,  ferric  chloride  or  alum . 

Chemical  treatment  for  heavy  metals 
removal. 

A  biological  final  treatment,  preferably  a 
biofilter  for  removal  of  phenols  and  other 
organic  substances . 
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EXHIBIT  E-10 
San  Francisco  International  Airport 
VIOLATION  CITATION  FORM 
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Source:   SFIA  Engineers 


Industrial  Waste 
Treatment  Plant 


EXHIBIT  E-11 
San  Francisco  International  Airport 
INDUSTRIAL  WASTE  WATER  TREATMEN 
PROPOSED  COLLECTION  SYSTEM 

September  1973 
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Source:   Reference  (7) 
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In  addition,  Consoer,  Townsend  recommend  that  the  effluents 
from  the  present  sanitary  and  proposed  industrial  wastewater 
treatment  facilities  be  subjected  to  additional  combined  treatment. 
The  elements  of  the  joint  treatment  system  would  be: 

A  biological  oxidation  treatment  (nitrification) 
for  the  reduction  of  the  ammonia  nitrogen  con- 
centration of  the  effluents  down  to  the  expected 
discharge  requirement  of  less  than  6  mg/1 . 

A  final  filtration  step  to  reduce  the  suspended 
solids  concentration  to  below  the  expected  dis- 
charge requirement  of  less  than  8  mg/1 . 

A  chlorination-dechlorination  unit  to  disinfect 
the  effluent.    (This  would  completely  overcome 
the  problem  of  excessive  fecal  coliform  counts , 
even  in  the  case  of  accidental  or  deliberate 
diversion  of  aircraft  sanitary  waste  to  the  indus- 
trial sewers)  . 

After  the  joint  treatment  stage,  the  combined  effluents  would 
be  discharged  approximately  one  mile  out  into  the  Bay  by 
way  of  the  San  Bruno  outfall. 

The  schematic  representation  of  the  proposed  system 
is  presented  in  Exhibit  E-12,  on  the  following  page.  The 
net  effect  of  this  treatment  would  be  to  meet  the  discharge 
requirements  presented  in  Exhibit  E-13,  following 
Exhibit  E-12. 


4.       IMPACT  OF  FUTURE  DEVELOPMENTS 


This  section  summarizes  the  probable  impacts  of  future  developments 
on  the  water  resources  and  on  the  aquatic  environment. 

(1)      Impact  of  Water  Requirements  on  Water  Resources 

The  water  requirements  of  the  airport  will  not  significantly 
affect  the  rest  of  the  community,  nor  overtax  the  present  water 
distribution  system . 
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EXHIBIT  E-12 

San  Francisco  International  Airport 

GENERAL  INDUSTRIAL  WASTE 
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Source:   Reference  (4) 


EXHIBIT  E-13 
San  Francisco  International  Airport 
EFFLUENT  DISCHARGE  REQUIREMENTS 


Instan- 

1 no. 

JrOSSlDle 

30  Day 

Maximum 

taneous 

of 

of 

Future 

Constituents 

Average 

Uaily 

Maximum 

Time 

Time 

Requirement 

Settleable  Solid 

0.1 

0.2 

(ml/1  hr) 

BOD  (me/1) 

30 

20 

10 

Suspended  Solids 

8 

16 

_ 

_ 

_ 

8 

(m^/l) 

Oil  &  Grease 

30 

20 

Chlorine  Residual 

0 

(mg/1) 

Total  Aminonia 

6.0 

(me/1) 

Turbidity  (jtu) 

10 

20 

Arsenic  (mg/1) 

0.01 

0.02 

Cadmium  (mg/1) 

_ 





0.02 

0.03 

_ 

Total  Chromium 

_ 





0.005 

0.01 

(me/1) 

Copper  (me/1) 

_ 



\  

0.2 

0.3 

_ 

Lead  (me/1) 

0 . 1 

0.2 

Mfrciirv  fmDc/l^ 

0  .001 

0.002 

Nickel  (mg/1) 



0.1 

0.2 

_ 

Silver  (mff/l) 

0.02 

0.04 

_ 

Zinc  (mcr/1) 

0.3 

0.5 

Cvanide  (mo*/l) 

0.1 

0.2 

Phenolic  Com- 

- 

- 

- 

0.5 

1.0 

- 

pounds  (mg/1) 

Total  Identifiable 

Chlorinated 

0.002 

0.004 

Hydrocarbon  (mg/1) 

pH 

6  to  9 

Fecal  Colform  (1) 

200 

(per  100/ml) 

Toxicity  (2)  % 

1 

50 

(1)  Geometric  Mean 

(2)  96  hour  bioassay:     Survival  in  100%  wastewater 


Source:   Reference  (4) 


1.       Impact  of  Water  Requirements  on  Water  Supply 


As  noted  previously ,  the  pr oj  ections  of  the  general 
water  usage  in  metropolitan  San  Francisco,  indicate  that 
the  airport  requirements  represent  about  one  percent  of  the 
.  total  system  demand  .  This  percentage  requirement  will  not 
significantly  change  as  a  result  of  proposed  development  at  SFIA . 

2.       Impact  of  Water  Requirements  on  Distribution  System 

The  distribution  system  presently  installed  has  been 
estimated  by  Metcalf  and  Eddy  (1)  to  be  adequate  even  for 
peaks  of  7.5  mgd.  Of  particular  interest  is  the  conclusion 
that  even  under  peak  condition  the  system  would  not  be 
overtaxed  by  a  demand  of  7,000  gpm  for  a  fire  fighting 
operation. 

(2)      Impact  of  Increased  Wastewater  Volumes 

The  anticipated  increase  in  volume  of  sanitary  waste  can  be 
handled  by  present  sanitary  facilities .  With  proper  supervision  and 
cooperation  of  the  tenants,  the  anticipated  increases  in  industrial 
wastewaters  would  not  result  in  significant  deterioration  over  the 
present  conditions  .  The  implementation  of  the  industrial  wastewater 
treatment  scheme  would  result  in  a  considerable  improvement  over 
present  conditions . 

1 .       Sanitary  Wastes 

The  most  conservative  estimate  of  wastewater  loads 
corresponding  to  31  MAP  in  the  year  1990  is  for  an  average 
of  1 .6  mgd  with  an  expected  one  day  maximum  peak  of  3  .0 
mgd.  As  can  be  seen  from  Exhibit  E-8,  the  present  sanitary 
waste  treatment  facilities  are  adequate  to  handle  this  forecast 
load. 
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2.       Industrial  Wastes  Without  Modification  to  the 


Present  System 

As  shown  in  the  preceding  sections,  the  increased 
activity  at  the  airport  would  result  in  a  very  modest  increase 
.  in  industrial  wastes  (5  to  10  percent)  over  the  present 
situation.  Better  understanding  on  the  part  of  the  tenants 
and  better  policing  on  the  part  of  the  airport  management 
would  result  in  some  improvement  over  the  present  situation. 

3 .       Industrial  Wastes  After  Installation  of  Proposed 
Facilities 

The  beneficial  impact  of  the  proposed  new  industrial 
waste  facilities  is  significant.  The  heavy  metals  discharge 
would  be  greatly  reduced,  the  oil  and  grease  would  be 
controlled  and  the  adverse  effect  of  improper  disposal  of 
aircraft  waste  would  be  eliminated . 


(3)      Impact  of  Additional  Construction  on  Storm  Runoff 

Most  of  the  proposed  structures  are  on  land  already  paved, 
thus  no  significant  effect  on  storm  runoff  is  anticipated . 

The  proposed  segregation  of  industrial  wastes  would  also 
result  in  an  improvement  of  the  quality  of  the  early  portions  of 
runoffs ,  since  the  chances  of  washing  out  accumulations  of  con- 
centrated wastes  in  common  sewers  would  be  reduced. 


Finally,  improvements  in  the  handling  of  aircraft  sanitary 
wastes  would  also  minimize  the  possibility  of  coliform  contamination 
of  storm  sewerage. 
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(4)      Summary  and  Conclusions 


The  significant  effects  of  the  anticipated  developments  at  SFIA 
in  regard  to  water  usage  and  wastewater  generation  and  control  can 
be  summarized  as  follows: 


Water  usage  at  the  airport,  currently  about  1.8  mgd,  is 
expected  to  increase  to  about  2.6  mgd  in  1982  and  3.4 
mgd  in  1990 .  Peak  usage  may  be  as  high  as  4  mgd  in 
1982  and  5 . 2  mgd  in  1990 .   The  supply  and  dis- 
tribution systems  are  adequate  to  7 . 5  mgd  of  peak 
use . 

Sanitary  waste  loads  which  are  currently  about  0 . 9  mgd 
are  expected  to  be  1.1  mgd  in  1982  and  1.6  mgd  in  1990. 
The  sanitary  wastewater  plant  is  designed  to  treat  2 . 2 
mgd  average  daily  flow  and  can  absorb  upsets  of  3 . 3 
mgd  peak  hourly  flow  and  4 . 4  mgd  hydraulic  peak  flow . 

Industrial  wastes  are  at  present  on  the  order  of  1.3  mgd 
average .  These  wastes  are  expected  to  be  about  1 . 4 
mgd  in  1982  and  1990.1/  . 

A  complete  industrial  wastewater  treatment  system  is 
part  of  the  overall  expansion  program  .   This  system 
will  meet  the  most  stringent  requirements  of  waste 
discharge  to  the  San  Francisco  Bay  waters .  In 
addition,  the  outfall  of  the  treated  industrial  wastes 
will  be  moved  one  mile  offshore  (as  is  the  case  at 
present  for  the  treated  sanitary  wastes)  . 

Additional  facilities  will  not  signficantly  increase 
the  paved  area  over  present  conditions  and  thus 
should  have  no  signficant  effect  on  storm  runoffs. 


y       It  may  be  noted  that  whereas  in  1974,  water  usage  is  less  than  the 

total  wastewater  flows  due  primarily  to  infiltration,  in  1982  and  1990, 
usage  exceeds  wastewater  flows .   This  apparent  dichotomy  arises 
from  the  fact  that  passenger  utilization,  the  quantities  of  water  usage 
and  sanitary  wastes  increases  drastically  during  this  period,  while 
aircraft  operations,  the  quantities  of  industrial  waste  flows  remains 
fairly  constant. 
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In  conclusion  it  can  be  stated  that  the  anticipated  developments 
at  SFIA: 

Will  not  overtax  the  present  water  supply  system 

Will  not  overtax  present  sanitary  treatment  facilities 

Will  result  in  improved  industrial  wastewater  treatment 

Will  result  in  a  lessening  of  the  potential  deleterious 
impact  of  airport  operations,  on  the  aqueous  environment 
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APPENDIX  F 

GEOLOGICAL  ASPECTS  OF  THE  SAN  FRANCISCO 
INTERNATIONAL  AIRPORT  EXPANSION  PROGRAM 

The  proposed  expansion  of  SFIA's  terminal  complex  will  have  no 
impact  on  the  geology  of  the  Bay  Area.  However,  the  expansion  program 
does  involve  a  significant  investment  of  community  resources  and  it  is 
appropriate,  therefore,  in  an  earthquake  prone  area,  to  explore  the 
possible  effects  on  the  community's  investment  in  time  of  a  national  disaster. 

Airports  in  general  are  relied  upon  to  remain  functional  after  a  I 
disaster  to  provide  a  base  for  logistics  and  communications  for  the  support 
of  relief  operations .  Experience  has  shown  that  airport  personnel  have 
managed  to  provide  these  services  under  quite  adverse  conditions .  For 
obvious  reasons,  an  airport's  role  is  one  of  responding  to  geological 
phenomena  rather  than  inducing  them .  Since  an  airport's  ability  to  respond 
can  play  a  major  role  in  the  community's  ability  to  recover  quickly  from 
natural  disasters,  the  survivability  of  SFIA  in  time  of  such  a  disaster  is  a 
subject  of  significant  interest  and  is  appropriate  in  this  EIAR. 

1.  INTRODUCTION 

This  appendix  provides  the  background  and  supporting  information 
for  assessing  the  potential  effects  of  earthquakes  and  tsunamis  on  SFIA . 
Information  on  the  geological  history,  soil  properties,  and  settlement 
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history  have  been  reviewed  and  summarized.  The  seismic  effects  on  Bay 
Area  soils  and  fill  materials  have  been  described  and  the  potential  effects 
of  tsunamis  are  discussed .  A  review  of  the  effects  of  earthquakes  on  other 
airports  has  been  undertaken  and  forms  the  basis  for  the  assessment  of  the 
environmental  impact  of  geological  phenomena  on  SFIA. 

2.        GEOLOGY  OF  BAY  AREA 

The  San  Francisco  area  is  one  of  the  most  active  geological  areas  in 
the  United  States .  The  bay  trough  was  developed  less  than  1.5  million 
years  ago  and  was  flooded  by  the  general  rise  in  sea  level  during  Wisconsin 
time  due  to  glacial  melting . 

(1)      Geology  of  Airport  Area 

The  general  area  of  San  Francisco  International  Airport, 
including  the  proposed  expansion  site,  is  situated  on  depressed 
segmented  rock  wedged  between  two  uplifted  fault  blocks  which  are 
associated  with  the  complex  San  Andreas  Fault  System .  The  geo- 
logical history  was  described  by  Goldman,  in  Geological  and 
Engineering  Aspects  of  San  Francisco  Bay  Fill,  (p .  14)  ,  California 
Division  of  Mines  and  Geology,  Special  Report  97,  1969  (1)  . 

The  San  Francisco  Bay  Area  as  it  is  known  today  came  into 
•existence  in  mid-  to  late-Pleistocene  time.  Rocks  of  the  Franciscan 
Formation  were  deposited  in  extremely  deep,  narrow  troughs  at  the 
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foot  of  the  continental  slope  from  late  Jurassic  to  mid-Cretaceous  time. 
Sediments  of  the  Knoxville  and  Cretaceous  formations  were  deposited 
on  shallower  marine  shelves,  as  were  also  sedimentary  and  volcanic 
materials  of  the  Tertiary  period.  After  deposition  of  extensive  Cretaceous 
and  Tertiary  sediments,  the  formations  were  folded  (bent)  and  faulted 
(broken)  by  a  series  of  earth  movements  into  the  northwest-trending 
structural  pattern  of  the  central  Coast  Ranges .  During  latest  Miocene 
and  much  of  Pliocene  time,  the  bay  block  was  high-standing  and  was 
being  eroded  to  supply  sediments  both  to  its  west  and  east. 

The  San  Francisco  Bay  trough  did  not  come  into  existence 
until  the  end  of  the  Pliocene  epoch  or  during  the  Pleistocene .  It 
was  formed  by  a  combination  of  warping  and  faulting.   The  San 
Francisco-Marin  block  was  tilted  toward  the  east,  with  the  western 
edge  forming  the  San  Francisco  and  Marin  hills,  and  the  depressed 
eastern  edge  forming  the  uneven  depression  in  which  the  bay  now 
lies.  In  Pleistocene  time  (within  the  last  one  million  years)  the 
trough  was  nearly  filled  with  sediments,  some  of  marine  origin,  other 
derived  from  the  surrounding  hills. 

During  the  interglacial  stages  of  the  Pleistocene  epoch ,  the 
trough  which  became  San  Francisco  Bay  was  flooded  by  the  general 
rise  in  sea  level  due  to  the  release  of  melt  water  from  glaciers  in 
other  parts  of  the  world.  Bay  mud  was  deposited  during  and  after 
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the  melting  of  the  continental  glaciers  in  Wisconsin  time,  (i.e. ,  the 
fourth  stage  of  the  glacial  epoch  of  North  America  from  about 
125,000  B.C.  to  the  post  glacial  age. 

jjc  3^  sjc  3^  3^ 

This  history  of  extensive  earth  movements  accounts  for  the 
development  of  the  seismically  active  fault  systems  which  lie  along 
the  perimeter  of  the  bay.  The  changes  in  sea  level  occurring  during 
more  recent  glaciation  history  have  deposited  soft,  relatively  uncon- 
solidated bay  mud  to  varying  depths  over  the  pre-existing  bedrock. 
The  continuation  of  active  faults  and  poor  solids  results  in  the  rela- 
tively high  probability  for  strong  earthquakes  and  extensive  damage 
in  the  Bay  Area. 

(2)      Active  Fault  Systems 

The  San  Andreas  Fault  lies  about  three  and  one-half  miles  west 
of  SFIA.  It  transects  the  San  Francisco  Peninsula  on  a  north-northwestei 
direction  and  lies  approximately  three  miles  southwest  of  SFIA .  The 
other  major  faults  in  the  area  are  the  Hayward  and  Calaveras  faults 
lying  approximately  parallel  to  the  San  Andreas  Fault  on  the  eastern 
side  of  the  bay.  Geologically,  the  major  faults,  and  some  of  their 
branches  are  active  and  account  for  the  high  frequency  of  earthquakes 


in  the  Bay  Area.  Exhibit  F-1,  on  the  following  page,  illustrates  the 
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EXHIBIT  F-1 

San  Francisco  International  Airport 

LOCATION  AND  MAGNITUDES  OF 

EARTHQUAKES  IN  THE  BAY  AREA 

(1934-1965)  (2) 

Source  Reference  (2) 


the  Bay  Area  fault  system  and  shows  the  earthquakes  of  intensity 
greater  than  4  for  the  period  1934  to  1965.    (There  have  been  more 
than  a  dozen  damaging  earthquakes  in  the  bay  counties  during  the 
last  century,  and  it  appears  reasonable  to  expect  a  great  earthquake 
(comparable  to  San  Francisco,  1906)  to  occur  once  in  sixty  to  one 
hundred  years . ) 

(3)      Soil  Properties 

The  soils  underlying  and  surrounding  San  Francisco  Bay  are 

sedimentary  layers  of  three  basic  types  of  soil  material  over  bedrock. 

Upper  (younger)  Bay  Mud 
Dense  Silty  Sand  (sandy  deposits) 
Lower  (older)  Bay  Mud 

In  some  areas  there  are  lenticular  formations  of  firm  dense  sand 

between  the  Lower  Bay  Mud  and  bedrock.   The  engineering  properties 

of  the  mud  sediments  are  shown  in  Exhibit  F-2,  on  the  following  page. 

The  properties  of  the  Upper  Bay  Mud  and  Dense  Silty  Sand  preclude 

the  embedding  of  foundation  piles  in  these  materials . 

Test  borings  at  the  airport  indicate  at  least  five  layers  of  soil 
materials  in  the  area  of  the  proposed  expansion .  In  the  soil  survey 
conducted  by  Lee  &  Prazker  (4)  in  conjunction  with  the  Bond  Issue 
of  1967,  the  following  general  soil  characteristics  relating  to  the 
foundations  of  the  terminal  buildings ,  rotundas  and  aprons  were 
found: 
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EXHIBIT  F-2 

San  Francisco  International  Airport 

ENGINEERING  PROPERTIES 

Properties 

Older  bay  mud 

Younger  bay  mud 

Semi-consolidated  member 

Soft  mernber 

Degree  of  preconsolidation  

Greater  than  weight  of  overlying 
sediments  and  greater  than 
that  of  semi-consolidated 
member 

Greater  than  weight  of  overlying 
sediments  and  greater  than 
that  of  soft  member.  Precon- 
solidation is  about  one-half 
that  of  the  underlying  older 
bay  mud 

Normal  consolidation 

Increase  in  density  on  drying   

High  dry  density  (stifT  to  very 
stiff  clay).  Density  is  greater 
than  semi-consolidated  mem- 
ber 

Marked  decrease  in  dry  density 
(as  compared  to  the  older  bay 
mud)  at  the  rate  of  10  to  25 
lbs.  per  cu.  ft. 

Less  than  10  lbs.  per  cu.  ft. 

Average  water  saturated  weight..  

131  lbs.  per  cu.  ft   

110  lbs.  per  cu.  ft   . 

97  lbs.  per  cu.  ft. 

Average  weight  submerged  in  water  

00  lbs.  per  cu.  it.   

47  lbs.  per  cu.  ft  

34  lbs.  per  cu.  ft. 

Average  moisture  content  

Less  than  40  percent  

About  40  percent  

Greater  than  40  percent 

Compressive  strength  

1,000  to  4,000  lbs.  per  sq.  ft, 

1,000  lbs.  per  sq.  ft  

200  lbs.  per  sq.  ft.  Strength  is  a 
function  of  pure  cohesion  and 
no  coefficient  of  friction  exists 

GOOD 

Foundation  for  piles  and  other 
similar  structures,  and  for  all 
but  heavy,  concentrated  load 

FAIR 

Foundation  for  earthfill  having 
a  broad  base.  Not  good  for 
piles  or  other  similar  struc- 
tures 

POOR 

Piles,  and  other  similar  struc- 
tures tend  to  sink  of  their  own 
weight 

Sensitive  clay.  Swells  when  wet, 
tends  to  desiccate  when  dried 
in  air' 

Highly  compressible 

Loses  50  percent  of  strength 
when  disturbed.  Regains 
strength  due  to  thixotropic 
action' 

Origin  

Results  from  iiocculation  of  clay  colloids  in  salt  water.  Tends  to  deflocculate  when  placed  in  fresh  water 

Thickness  ^  

Up  to  200  feet   

Up  to  60  ft.,  40  ft.  average  

Up  to  70  ft.,  60  ft.  average 

Physical  properties  and  mineralogy  

Firm  clay  with  varying  amounts 
of  silt  and  lenses  of  sandy  clay, 
sand  and  small-sized  gravel. 
Minus  2-micron  sizes  are  50 
percent  normal  and  hydrated 
mica;  plus  montmorillonite, 
chlorite,    diatoms,  carbona- 
ceous material,  quartz,  feld- 
spar. (Schlocker  and  others 
1958) 

Plastic,  silty  clay,  and  clayey  silt,  with  varying  amounts  of  organic 
matter,  clayey  fine-grained  sand,  and  some  shell  lenses. 

Clay  sizes  are  45  to  90  percent  of  total;  yj  normal  and  hydrated 
mica;  yj  montmorillonite,  and        mixcd-laycrcd  montmoril- 
lonitic,  chloritic,  and  kaolinitic  material.  Less  than  5  percent 
carbonaceous  material.  (Schlocker  and  others,  1958) 

Notes 


>  The  geniitive  clay  ia  already  in  a  saturated  state,  and  only  when  the  clay  is  previously  dried  and  water  added  will  it  swell. 
*  Some  parts  of  the  bay  mud  may  lose  as  much  as  90  per  cent  of  its  strength  when  disturbed. 


Source  Reference  (3) 


All  the  proposed  structures  are  underlain  by  manmade 
fill  varying  in  thickness  from  6  to  21  ft. 


All  the  proposed  structures  are  underlain  by  Upper  Bay 
Mud,  which  underlies  the  fill  and  varies  in  thickness 
from  19  to  60  ft. 

All  the  proposed  structures  are  underlain  by  a  fairly 
dense  silty  sand  layer  varying  in  thickness  from  5  to 
31  ft. ,  which  is  sandwiched  between  the  Upper  Bay 
Mud  and  the  Lower  Bay  Mud  described  below . 

All  the  structures  are  underlain  by  Lower  Bay  Mud  of 
varying  thickness  from  7  ft.  to  68  ft. ,  extending  to 
depths  130  ft.  below  existing  ground  surface. 

There  generally  is  a  layer  of  firm  dense  sand  sandwiched 
between  the  Lower  Bay  Mud  and  the  underlying  bedrock. 
However,  at  the  upper  fringes  of  bedrock  ravines  this 
sand  layer  is  absent  and  the  Lower  Bay  Mud  is  in  direct 
contact  with  the  bedrock . 

The  depth  to  bedrock  within  all  the  proposed  structures 
varies  from  62  to  152  ft.  below  existing  ground  surface. 

Similar  soil  sedimentations  were  found  in  areas  of  the  proposed 

garage  and  underpasses  at  the  eastern  and  western  ends  of  the  main 

access  road . 


(4)      Settlement  History 

The  area  now  occupied  by  SFIA  was  reclaimed  from  the  marsh  and 
tideland  commencing  in  1880  when  the  portion  west  of  the  Old  Bayshore 
Freeway  was  reclaimed  by  construction  of  earthern  levees  and  drained . 
The  area  required  draining  for  about  forty  years,  and  the  continuous 
pumping  of  water  induced  a  settlement  of  about  3  feet  which  lowered 
the  ground  surface  to  3  .5  ft.  S  .F  .A  ,D  .  (San  Francisco  Airport  Data 
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is  0.82  ft.  above  mean  lower  low  water  at  Point  San  Bruno)  .   The  area 
east  of  Old  Bayshore  Freeway  and  north  of  the  Central  Terminal  was 
reclaimed  from  marshland  beginning  in  1927.  Filling  operations  were 
undertaken  as  needed  until  1954  when  the  Central  Terminal  was  con- 
structed. In  1962,  the  South  Terminal  and  Underground  Garage 
were  constructed  on  previously  filled  land.  Between  1954  and  the 
present,  the  major  filling  operations  were: 

Fill  of  area  of  Plot  4  in  1954  for  hangar  and  auxiliary  facilities 

Fill  of  50  of  180  acres  west  of  Bayshore  in  1970  for 
future  development. 

Fill  of  approximately  55  acres  along  the  north  and  east 
boundaries  of  the  airport.   This  has  been  an  ongoing  process 
since  1968  under  BCDC  and  U.S.  Army  Corps  of  Engineers 
permits . 

The  entire  area  of  the  airport,  including  runways  and  taxiways, 
because  of  the  compressibility  of  fill  and  bay  mud  materials,  has 
undergone  progressive  settlement .  The  variation  in  thickness  of 
the  fill  materials,  the  bay  mud,  and  the  topography  of  the  underlying 
geological  structure  has  given  rise  to  a  wide  variation  in  settlements 
and  rates  of  settlement.  Another  factor  contributing  to  differential 
settlement  is  that  the  area  enclosed  by  the  levee,  built  in  1880,  was 
dessicated  by  farming  activities  and  had  undergone  settlement  prior 
to  filling.  The  area  outside  and  east  of  the  levee  was  developed  by 
filling  directly  on  fresh  bay  mud .  Exhibit  F-3,  on  the  following  page, 
shows  the  airport  superimposed  on  1930  topography,  which  indicates 
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Source  Reference  (5) 


that  the  original  levee  traversed  the  site  just  west  of  the  Central  Terminal, 
and  would  bisect  the  proposed  North  Terminal.   The  ground  east  of 
the  Terminal  should,  therefore,  settle  at  a  faster  rate  than  that  west 
thereof.  Measurements  by  the  Airport  Engineers  showed  that  settle- 
ment over  20  years  of  the  area  west  of  the  levee  ranged  between  0.9  ft, 
and  1.84  ft.;  areas  east  of  the  1880  levee  have  settled  between  0.15 
and  2.0  ft.  during  the  same  period. 

Consultants  to  SFIA  in  1967  extrapolated  the  historical  settle- 
ment data  and  predicted  settlements  of  the  existing  ground  in  the 
range  of  1.2  ft.  and  0.9  ft.  for  areas  east  and  west  of  the  Terminal 
area,  respectively,  given  no  changes  in  surface  loading (6)  . 

3.       SEISMIC  EFFECTS 

.  The  major  geologic  effect  of  concern  at  San  Francisco  International 
Airport  is  earthquake  damage.  To  appreciate  the  potential  effect,  an  under- 
standing of  the  behavior  of  Bay  Area  soil  and  fill  materials  is  required.  Given 
this  understanding ,  the  potential  effects  can  be  estimated . 

(1)      Earthquake  Effect  on  Soils 

Moderate  to  strong  earthquakes  may  produce  a  variety  of 
effects,  including  surface  faulting ,  vertical  displacement,  ground 
shaking ,  lurch  cracking  of  alluvial  or  fill  materials ,  compaction  or 
liquefaction  of  soils  and  landslides ,  as  well  as  tsunamis  or  seiches . 


F-8 


The  specific  local  effects  from  an  earthquake  depend  as  much ,  if  not 
more ,  on  the  condition  of  the  soil  than  on  distance  from  the  epicenter 
or  magnitude  of  the  quake.  In  general,  earthquake  waves  in  passing 
from  more  dense  solid  rock  to  less  dense  alluvial  and  water  saturated 
material  tend  to  increase  in  amplitude  and  acceleration . 

Ground  shaking,  due  to  earthquakes,  produces  different  effects 
on  different  soil  types.  Generally,  in  cohesionless  soils,  compaction 
of  soils  with  low  clay  content  result  in  ground  settlement;  in  saturated 
soils ,  high  water  pressures  reduced  by  ground  vibration  causes  an 
upward  flow  of  water  which  liquifies  these  soils;  this  liquefaction 
phenomenon  is  rather  common  in  earthquakes  of  moderate  to  large 
magnitude . 

In  the  area  of  the  SFIA,  the  fill  materials  will  act  somewhat 
differently  than  underlying  bay  mud  and  sand  deposits  to  earthquake 
induced  ground  motions .  The  possible  behavior  of  these  materials 
under  seismic  loadings  have  been  summarized  in  Exhibit  F-4,  on  the 
following  page . 

(2)      Earthquake  Experiences  at  Airports 

The  following  paragraphs  were  taken  directly  from  A  Study  of 
Eeirthquake  Losses  in  the  San  Francisco  Bay  Area,  National  Oceanic 
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EXHIBIT  F-4 
San  Francisco  International  Airport 
BEHAVIOR  OF  SOIL  AND  FILL  MATERIALS 
UNDER  SEISMIC  LOADINGS 


Foundation  Materials 

>an  Francisco  Bay  Mud 

San  Francisco  Bay  mud  is  a  soft,  slightly  organic 
iilty  clay  containing  occasional  thin  seams  or  lenses  of 
alt  and  sand.   Its  high  water  content  and  low  preconsol- 
dation  pressure  cause  it  to  undergo  substantial  long  term 
«ttlement  under  sustained  loads  and  its  low  shear  strength 
inay  lead  to  plastic  flow  in  zones  of  substantial  shear  stress, 
;uch  as  occur  at  the  edges  of  steep  fill  slopes  under  seismic 
oading. 

a.  Under  level  ground  conditions,  there  is  no  evidence 
.0  indicate  that  the  clay  portion  of  the  deposit  would  settle 
Dr  liquefy  during  an  earthquake. 

b.  The  sand  seams  in  the  clay  may  liquefy  during 

;trong  ground  motions,  but  this  is  unlikely  to  have  any  serious 
iffects  unless  the  liquefied  layer  underlies  or  is  immediately 
idjacent  to  a  sloping  surface  and  is  located  at  a  depth  per- 
mitting sliding  to  occur.   Otherwise  the  only  effect  would 
je  a  very  small  settlement  as  the  pore  pressures  in  the 
iquefied  seams  dissipated  after  the  earthquake. 

c.  Slopes  and  adjacent  land  composed  of  or  underlain 
■>y  the  clay  may  slide  during  an  earthquake  due  to  the 
additional  forces  developed  in  them  by  the  earthquake, 
'jnless  they  are  of  sufficiently  conservative  design. 

d.  The  deformable  nature  of  San  Francisco  Bay  mud 
//ill  cause  any  deposit  containing  a  substantial  thickness  of 
"he  clay  to  vibrate  with  a  relatively  low  frequency  of  vibra- 
ion.   As  a  result,  ground  surface  motions  would  have  lower 
frequencies  than  those  on  adjacent  areas  not  underlain  by  bay 
"nud  deposits.   The  influence  of  this  effect  will  be  discussed 
;n  a  later  section  of  this  report. 

Sand  Deposits 

I  Sand  deposits  in  the  bay  are  likely  to  be  loose  to  " 

pmedium  dense  and  thus  under  earthquake  loading  conditions 
:hey  are  potentially  vulnerable  to: 

a.  Settlement  due  to  soil  compaction. 

b.  Liquefaction  with  resulting  settlements  of  overlying 
materials  and  structures  such  as  occurred  at  Niigata,  Japan 
1964). 


c.       Liquefaction  and  resulting  flow  slides  such  as 
occurred  at  Valdez  and  Seward  during  the  Alaska  earth- 
quake of  1964. 

The  extent  to  which  these  effects  might  develop 
will  depend  on  the  in-place  density  of  the  deposit,  the 
geometry  of  each  particular  case,  and  the  intensity  and 
duration  of  the  earthquake.    However,  the  possibility  of 
these  effects  should  be  considered  in  cases  where  fills 
might  be  placed  on  sand  deposits. 

Fill  Materials 


'  Source  Reference  (7) 
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Uncompacted  Dumped  Fill  of  All  Types  of  Soil 

Uncompacted  dumped  fills  are  naturally  loose  and 
form  poor  foundations  for  almost  all  types  of  structures. 
With  time,  however,  they  may  densify  sufficiently  to 
support  houses  or  other  lightweight  buildings.   Under  the 
influence  of  earthquake-induced  vibrations,  these 
materials: 

a.  Are  likely  to  settle  substantially,  leading  to  appre- 
ciable  differential  settlements  of  buildings  supported  on 
them. 

b.  May  liquefy  if  the  fill  is  saturated  and  sandy  in 
nature. 

c.  May  undergo  some  degree  of  lateral  movement 
due  to  differential  movements  within  the  fill. 

d.  May  develop  slides  or  slumping  in  sloping  bound- 
aries, especially  where  the  fill  is  saturated. 

The  above  effects  are  Ukely  to  be  far  more  dele- 
terious in  their  effects  on  structures  than  are  any  undesirable 
modifications  of  the  ground  motions,  due  to  the  nature  of 
the  fill  itself. 

Hydraulic  Sand  Fills 

Hydraulic  sand  fills  have  been  used  extensively  in  the 
Bay  Area,   If  the  hydraulically  deposited  soil  is  not  subsequently 
compacted,  it  is  often  in  a  loose  to  medium  dense  condition  and 
thus  during  earthquakes  is  potentially  subject  to: 

a.  Some  degree  of  settlement  induced  by  the  ground  vibra- 
tions; however  the  settlement  will  be  appreciably  less  than  that 
of  loosely  dumped  fills. 

b.        Possible  liquefaction  depending  on  the  density  achieved 
during  placement,  the  depth  of  the  water  table  and  the  intensity 
of  the  ground  motions. 

c.       Flow  slides  if  the  sand  should  liquefy  adjacent  to  unsup- 
ported sloping  boundaries  at  the  edges  of  the  fill. 


and  Atmospheric  Administration  (p.  167),  U.S.  Department  of  Commerce, 
NOAA,  1972(7)  .  They  summarize  recent  experience  at  airports  in  the 
U.S.  in  response  to  earthquakes. 

The  1957  San  Francisco  earthquake  had  a  magnitude  of  5.3 
and  caused  only  minor  nuisance  damage  at  the  San  Francisco  airport; 
the  airport  is  located  on  structurally  poor  ground  about  10  miles 
southeast  of  the  epicentral  region  of  the  1957  shock.  Slowly  occurring 
differential  settlements  around  buildings  were  accentuated  by  the 
earthquake,  and  a  number  of  underground  pipelines  broke  as  a 
result.   Some  minor  structural  damage  occurred  to  several  buildings, 
but  no  runway  damage  is  known  to  have  occurred . 

The  great  Alaskan  earthquake  of  1964,  with  its  8.4  magnitude, 
provides  a  reasonable  guideline  for  experience  data  from  a  great 
shock.  A  total  of  13  airports  were  found  to  have  had  runway  or  taxi- 
way  damage  out  of  64  airports  which  were  inspected.  Virtually  all 
airports  were  operational  within  hours  after  the  shock  despite  runway 
damage  and  building  damage .  Some  resourcefulness  was  required  in 
order  to  accomplish  this;  for  example,  the  collapse  of  the  control 
tower  at  the  Anchorage  International  Airport  required  the  use  of  radios 
in  a  grounded  plant  for  air  traffic  control. 

Runways  remained  functional  at  airports  in  the  San  Fernando 
Valley  after  the  1971  San  Fernando  shock. 
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The  foregoing  incomplete  experience  record  is  rather 
reassuring  with  respect  to  the  most  important  function  of  an  airport, 
namely,  to  allow  airplanes  to  land  and  to  take  off  with  people  and  goods. 

***** 

In  addition,  during  the  1964  earthquake  at  Niigata,  Japan, 
magnitude  7.5,  the  airport  building  settled  three  feet  and  extensive 
liquefaction  caused  severe  damage  to  runways  and  other  facilities. 

4.        TSUNAMI  AND  SEICH  EFFECTS 

Tsunamis,  or  seismic  sea  waves,  are  ocean  waves  probably  caused  by 
faulting  or  other  abrupt  ground  movements  on  the  ocean  floor.  Seiches  are 
oscillatory  motions  of  enclosed  bodies  of  water  usually  due  to  earthquakes 
with  a  moderate  to  large  shock. 

The  Bay  Area  has  been  visited  by  tsunamis  on  infrequent  occasions . 
Between  1868  and  1968  at  least  19  tsunamis  were  recorded  at  the  Golden 
Gate  tide  gate (9)  .  The  maximum  recorded  tide  height  was  7.4  feet.  Specific 
damage  inflicting  tsunamis  occurred  in  the  Bay  Area  in  1960  and  1964  which 
were  attributed  to  the  Chilian  and  Alaskan  earthquakes,  respectively. 

Primarily  on  the  basis  of  the  1964  tsunami  which  resulted  in  loss  of 
life  and  property  at  Crescent  City,  California,  the  Department. of  Interior, 
U.S .  Geological  Survey  prepared  a  map  showing  the  expected  areas  of 
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inundation  by  a  tsunami  having  a  20  foot  runup  at  the  Golden  Gate  (10)  .  The 
expected  occurrence  of  such  a  wave  is  once  every  20  years .  In  preparing 
the  map,  it  was  further  assumed  that  the  arrival  time  occurred  at  the  time 
of  tide  of  higher  high  water ,  a  tidal  state  equaled  or  exceeded  about  four 
percent  of  the  time.  The  portion  of  this  map  showing  SFIA  is  given  as 
Exhibit  F-5,  on  the  following  page .   The  dotted  areas  indicate  areas  of 
inundation.  It  is  to  be  noted  that  runways  19L,  19R,  28L,  and  28R,  as 
well  as  the  Seaplane  Harbor,  would  be  partially  inundated  by  a  tsunami  of 
this  assumed  magnitude .  Public  areas  are  not  in  the  area  of  tsunami  runup . 
It  should  also  be  noted  that  depth  of  water  in  the  runup  area  should  not  be 
assumed  to  be  twenty  feet,  and  would  probably  be  significantly  less  in  the 
area  of  the  airport  since  the  wave  at  the  tide  gate  would  be  dissipated  by 
travel  within  the  bay  and  over  any  land.  In  summary,  tsunamis  have  low 
probability  of  occurrence,  but  may  result  in  some  flooding  of  the  runway  areas . 

Seiches  are  periodic  oscillations  of  large  enclosed  bodies  of  water 
which  can  be  induced  by  earthquakes .  They  have  been  observed  several 
thousands  of  miles  from  the  epicenter  of  the  inducing  earthquake .   The  Bay 
Conservation  and  Development  Commission  Engineering  Consultant  Board 
noted  that  a  rising  and  falling  of  water  in  the  bay  were  reported  to  have 
accompanied  two  earthquakes  in  1854  and  one  in  1856  (11)  .   It  is  probable 
that  a  seich  in  San  Francisco  Bay  could  only  be  damaging  in  the  event  of 
a  large  magnitude  quake  and  the  "right"  combination  of  tides  and  winds . 
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Source  Reference  (9) 


5.        IMPACT  ASSESSMENT 


As  has  been  indicated  earlier ,  an  airport  is  a  responder  to ,  rather 
than  an  inducer  of  geological  phenomena.  But,  the  ability  of  the  facility  to 
operate  functionally  can  play  a  major  role  in  setting  up  and  maintaining 
relief  operations.  In  the  1972  report  (12) ,  prepared  for  the  U.S  .  Office  of 
Emergency  Preparedness,  the  National  Oceanic  and  Atmospheric  Admini- 
stration found  that  in  the  event  of  a  major  earthquake  on  the  San  Andreas 
Fault,  the  expected  damage  patterns  would  be: 

A  magnitude  8 . 3  shock  would  close  SFIA  for  a  period  of 
weeks  .    (Metropolitan  Oakland  International,  Alameda 
Naval  Airbase  and  Hamilton  Air  Force  Base  would  be  shut 
down  for  less  than  a  week . )  Practical  land  access  would  be 
cut  off  due  to  highway  damage . 

A  magnitude  7.0  earthquake  would  close  SFIA  for  several 
days  .    (Others  would  be  operational  shortly  after . ) 

A  major  earthquake  on  the  Hayward  fault  would  be  expected  to  have 
the  following  results: 

An  8 . 3  magnitude  shock  would  close  down  SFIA  for  less  than 
a  week  (Metropolitan  Oakland  International  and  Alameda 
Naval  Airbase  would  be  nonoperational  for  a  period  of  weeks . 
(Hamilton  Air  Force  Base  would  be  operational  within  a  week . ) 

A  7 . 0  earthquake  would  not  close  down  SFIA  (MOIA  and  ANA 
would  be  closed  for  several  days . ) 

A  6 . 0  shock  would  delay  operations  for  only  a  few  hours . 


F-13 


This  performance  estimate  was  certainly  confirmed  by  the  1957  experience. 
In  developing  the  airport  according  to  the  expansion  program,  there  are 
no  elements  which  would  appreciably  change  this  assessment .  The  structures 
to  be  constructed  under  the  expansion  program  will  incorporate  design  and 
engineering  principles  consistent  with  current  design  philosophy  which  is 
to  minimize  life  hazard  and  to  limit  property  damage  in  the  event  of  a  great 
earthquake .  As  such  the  structures  built  under  the  expansion  program 
will  reflect  advances  in  the  state-of-the-art  which  may  mitigate  the  effects 
of  an  earthquake  on  them  compared  to  older  structures . 

In  the  unlikely  event  of  a  large  tsunami  inundating  the  airport,  the 
extended  portion  of  runway  28R  would  likely  be  flooded. 
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APPENDIX  G 
OTHER  ISSUES 

In  general,  when  the  facilities  at  an  airport  are  expanded  to 
accommodate  rising  levels  of  activity,  the  most  controversial  issues 
associated  with  such  a  program  relate  to  its  impact  on  community  noise 
exposure,  and  air  and  water  quality  and  roadway  congestion  on  and  near 
the  airport.  In  the  Bay  Area  too,  these  issues  have  been  of  paramount 
community  concern  during  the  planning  of  the  SFIA  terminal  complex 
expansion,  and  therefore,  they  have  been  thoroughly  discussed  in 
earlier  appendices  of  this  EIAR . 

However,  an  airport  expansion  program  may  also  have  potential 
for  other  types  of  environmental  impacts . 

1.  INTRODUCTION 

This  appendix  explores  the  impact  of  the  proposed  SFIA  terminal 
complex  expansion  program  in  each  of  the  following  subject  areas: 

.    •  Aesthetics 

Fuel  and  Energy 
Bay  Fill 
Hydrology 
Solid  Wastes 
Wildlife 

Recreational  Sites 
Historical  Sites 
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Where  possible,  expert  opinion  on  these  matters  was  solicited  from  the 
appropriate  public  agency.  In  other  areas,  the  available  literature  was 
surveyed,  and  the  impacts  were  derived  from  this  data  base. 

2.  AESTHETICS 

The  aesthetic  character  of  an  airport  is  really  defined  by  the  visual 
impressions  that  are  made  by  four  elements  of  the  airport . 

The  airport  buildings 

The  general  layout  of  the  airport  within  its  boundaries 
The  peripheral  area  surrounding  the  airport 
The  approaches  to  the  airport 

These  elements  are  viewed  differently  by  the  four  principal  segments 
of  the  population  that  interface  with  the  airport .  These  affected  publics 
are: 

The  nearby  communities ,  especially  those  with  a  residential 
character 

Passengers 

Employees 

Visitors 

Therefore ,  the  planning  and  design  of  the  airport  should  reflect  under- 
standing of  what  is  visually  pleasing  to  the  various  affected  publics  and 
a  maximum  effort  to  protect  and  enhance  features  that  are  the  source  of 
visual  pleasure  even  as  the  functional  capacity  of  the  airport  is  expanded 
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and  its  overall  efficiency  is  improved.  In  the  following,  the  aesthetic 
impact  of  the  expansion  program  will  be  assessed  with  this  philosophy  in 
mind.  Specifically,  the  issues  of  overall  design,  scenic  vistas  and  sense 
of  open  space  are  addressed . 

(1)      Overall  Design 

Since  its  inception,  SFIA  has  traditionally  been  a  fully 
developed  aviation  complex .  The  proposed  expansion  program 
will  complete  this  concept.  When  finished  the  North  Terminal 
and  parking  garage  will  provide  an  improved  symmetry  of 
overall  design,  and  the  entire  complex  will  provide  an  aspect 
of  an  integrated  whole.  Moreover,  the  buildings  have  been 
designed  to  be  architecturally  compatible  with  the  current 
airport  terminal  buildings .  The  new  rotundas  and  connecting 
corridors  are  designed  to  be  primarily  functional  so  as  to 
facilitate  the  transfer  of  passengers  between  areas  of  the 
terminal  complex.  The  overall  design  compatibility  and 
integrity  is  to  be  achieved  by  placing  the  architectural 
responsibility  for  the  entire  expansion  program  under  the  aegis 
of  a  single  firm . 
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(2)      Scenic  Vistas 


The  airport  area  has  not  been  provided  with  a  particularly 
advantageous  viewpoint  for  vistas  of  San  Francisco  Bay.   The  San 
Francisco  Bay  Plan,  developed  by  the  Bay  Conservation  and 
Development  Commission  (BCDC)  in  1969,  identified  only  one  vista 
point,  at  Point  San  Bruno,  for  possible  development  in  the  area  of 
the  airport  (1)  .  An  easterly  view  toward  the  bay  from  this  point 
would  not  include  the  airport .    (Recreation  uses  are  discussed  in 
Section  8  of  this  appendix.)   Direct  visual  access  to  the  bay  is 
inhibited  not  only  by  the  airport,  but  more  importantly  by  the  local 
topography,  the  road  and  railway  systems  cutting  through  the  area, 
as  well  as  the  build-up  of  the  surrounding  communities  themselves . 
If  the  expansion  program  is  undertaken  the  scenic  view  available  to 
those  outside  the  airport  should  not  suffer  serious  deterioration  since 
the  development  under  the  expansion  program  will  take  place  within 
the  confines  of  the  present  airport. 

(3)      Open  Space 

It  is  undeniable  that  the  proposed  expansion  program  will 
increase  the  volume  of  space  occupied  by  steel  and  concrete  within 
the  airport,  and  thereby  reduce  any  sense  of  open  space  which  may 
presently  exist.  But  since  the  airport  buildings  are  to  be  only  three 
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stories  high,  they  should  not  have  an  appreciable  detrimental 
effect.   The  expansion  program  does  provide  for  $850,000  for 
landscaping  by  plantings  of  trees  and  shrubs  primarily  along  the 
main  access ,  which  should  enhance  the  general  aesthetic  character 
of  the  airport . 

Impact  Assessment 

In  summary ,  the  aesthetic  impacts  of  the  proposed  development 

Fulfillment  of  the  overall  design  concept  resulting  in 
an  airport  complete  with  improved  symmetry  and 
architectural  integrity 

Little  further  deterioration  of  already  impaired  scenic 
views 

Limited  reduction  in  sense  of  open  space 

On  the  other  hand,  if  the  proposed  development  plan  were  not 
implemented ,  the  airport  would  remain  in  semi-finished  condition . 
The  situation  would  be  unacceptable  not  only  from  an  aesthetic  point 
of  view  but  also  for  functional  reasons . 

To  assure  that  the  proposed  development  does  not  have  an 
adverse  aesthetic  impact,  the  following  measures  form  part  of  the 
development  plan: 


(4) 


are: 
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Architectural  responsibility  for  the  entire  project  is 
to  be  under  the  control  of  a  single  firm 


Significant  amounts  of  money  have  been  budgeted  to 
provide  for  beautification  of  the  airport  and  its  access 
roadway  system 

Two  million  dollars  ($2,000,000)  has  been 
allocated  for  art  enrichment 

Eight  hundred  and  fifty  thousand  dollars 
($850,000)  has  been  allocated  for  landscaping 

It  would  seem  reasonable  to  conclude,  therefore,  that  the 

proposed  SFIA  development  poses  no  serious  threat  to  the  aesthetics 

of  the  area  and  could  even  result  in  enhancement  of  the  visual 

pleasure  that  users  and  neighbors  will  derive  from  the  airport. 

3.        FUEL  AND  ENERGY 

This  section  presents  an  assessment  of  the  energy  impact  of  the 
proposed  SFIA  development .  The  impact  is  examined  in  terms  of  the 
consumption  of  aviation  fuels ,  natural  gas  and  electrical  power  for 
operation  of  facilities ,  and  gasoline  for  vehicular  traffic  accessing  the 
airport . 

Fuel  and  energy  consumption  levels  are  determined  for  1982  and 
1990  under  two  different  assumptions  (i.e. ,  with  and  without  the  proposed 
development)  and  compared  with  the  1974  base  year.  These  projections 
were  made  in  order  to  quantify  the  impact  of  the  proposed  improvements. 
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(1)      Aviation  Fuels 

Total  consumption  of  aviation  fuel  at  the  airport  during  1973 
was  approximately  628  million  gallons  (MGY)  based  on  information 
obtained  from  SFIA  engineers  (2)  .  During  that  year,  there  was  a 
total  of  352,241  aircraft  operations  carrying  some  15.6  million  on 
and  off  air  passengers  (MAP)  .   This  corresponded  to  approximately 
34  gallons  of  fuel  per  passenger  or  1,783  gallons  per  operation. 

Whether  or  not  the  proposed  improvements  are  carried  out, 
it  is  projected  that  in  1982  there  will  be  367,640  total  operations 
with  24.4  on  and  off  MAP.   These  projections  represent  an  increased 
operations  load  of  10  percent  over  1974,  but  the  number  of  passengers 
served  will  have  increased  by  about  50  percent.   Two  important 
factors  will  be  responsible  for  this  development. 

Higher  load  factors 

Greater  utilization  of  wide  body  commercial  jet  aircraft 

Indeed,  in  1982,  based  on  the  fleet  mixes  presented  in  Appendix  A, 
Exhibit  A- 7,  there  will  be  more  than  3.75  times  as  many  operations 
with  wide  body  aircraft  as  there  were  in  1974. 

Total  operations  for  the  design  year  1990  are  projected  to 
decrease  from  1982  by  less  than  2  percent  to  361,340.  However,  the 
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number  of  passengers  to  be  transported  will  have  increased  to 
31  MAP  on  and  off  corresponding  to  a  29  percent  increase  over 
1982  and  about  double  the  passenger  volume  of  1974.   As  in  the 
case  of  1982,  the  increased  number  of  air  passengers  will  be 
carried  by  more  wide  body  type  aircraft.   For  1990,  wide  body 
operations  will  increase  to  133,000,  an  increase  of  24  percent 
over  1982. 

In  order  to  project  aviation  fuel  usage  for  future  years, 
a  method  has  been  developed  by  the  Port  Authority  of  New 
York  and  New  Jersey. i-^   The  method  is  based  on  calculating 
the  total  weight  of  the  commercial  aircraft  utilizing  an  airport 
for  any  given  year  and  comparing  this  value  with  total 
commercial  aircraft  weight  for  a  year  for  which  fuel  con- 
sumption is  known  according  to  the  following  formula: 

Fp  =  Wp  X 


Joseph  J.  Windisch,  Staff  "Economics  Analyst,  Aviation  Economics 
Division,  Aviation  Department.  The  Port  Authority, of  New  York 
and  New  Jersey. 
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Where, 


aviation  fuel  consumption  for  forecast  year 


total  weight  of  commercial  aircraft  based  on 
fleet  mix  for  forecast  year 


F. 


B 


aviation  fuel  consumption  for  base  year 


W. 


B 


Total  weight  of  commercial  aircraft  based  on  fleet 
mix  for  base  year 


For  airports  such  as  SFIA,  with  large  commercial  components, 
predictions  of  fuel  consumption  within  10  percent  of  actual  usage 
can  be  made.  Exhibit  G-1,  on  the  following  page,  presents  the 
estimated  aviation  fuel  consumption  at  SFIA  for  the  years  1974, 
1982  and  1990.  As  can  be  seen  from  the  exhibit,  projected  aviation 
fuel  consumption  will  increase  by  21  percent  and  30  percent  for  the 
years  1982  and  1990,  respectively.  On  a  gallons  per  passenger 
basis,  however,  there  is  a  decrease  of  21  percent  and  31  percent 
for  1982  and  1990  in  comparison  to  1973  consumption.  The  results 
are  summarized  in  the  table  below: 


Per  Passenger  Aviation  Fuel  Consumption 


Year 


Gallons  Per  Passenger 


Percent  Decrease 


1974 


36 


1982 


29 


21 


1990 


25 


31 
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EXHIBIT  G-1 
San  Francisco  International  Airport 
PREDICTED  AVIATION  FUEL  CONSUMPTION 


Year 

Commercial 
Aircraft 
Weight!./ 

Aviation 

^"^^    .  2/ 
Consumption- 

Increase  In 
Consumption 
Over  1974 

(HMP) 

(MGY) 

(%) 

1974 

636 

587 

1982 

907 

21 

1990 

973 

763^/ 

30 

HMP    =        Hundred  million  pounds 
MGY    =        Millions  of  gallons  per  year 
NA      =        Not  applicable 

1/       Based  on  fleet  mix  data  given  in  Appendix  A  and 
Reference  (3) 

2/       Calculated  estimates  of  fuel  consumption  using 

base  year  1973  data  supplied  by  SFIA  Engineers  (2) 

3/       Estimates  values  for  1982  and  1990  have  been  decreased 
by  15%  to  allow  for  engine  efficiency  improvements 


Note:  Aviation  fuel  consumption  for  1971  was  "back  calculated"  to 
demonstrate  the  accuracy  of  the  prediction  methodology 
(estimated  value  was  within  10%  of  actual  fuel  consumption) 


Source:   Landrum  &  Brown 


The  reduction  in  per  passenger  consumption  of  fuel  can  be 
attributed  to  the  operation  of  higher  efficiency  aircraft,  i.e. ,  the 
new  wide  body  types  of  aircraft . 

In  summary,  although  there  will  be  a  significant  increase  in 
fuel  consumption  for  the  years  1982  and  1990  over  1974  (21  and 
30  percent,  respectively)  at  SFIA  there  will  be  a  corresponding 
increase  in  the  efficiency  of  fuel  used  due  to  the  utilization  of  wide 
body  commercial  jet  aircraft—^. 

(2)      Natural  Gas  for  Terminal  Heating 

The  existing  Central  and  South  Terminals  are  heated  by 
natural  gas .  The  heating  plant  for  the  two  terminals  is  located  in 
the  south  building .  Natural  gas  is  distributed  to  SFIA  and  to  its 
tenants  by  the  Pacific  Gas  and  Electric  Company  (PG&E)  .  As  a 
general  practice,  all  gas  main  work  is  performed  by  the  utility 
company . 

The  airport  property  is  served  from  two  primary  supply 
connections  to  the  20-inch  pressure  transmission  main  which 
parallels  by  the  Bayshore  Freeway . 


In  an  era  of  energy  shortgages  and  high  energy  costs,  this  statement 
touches  upon  a  subject  of  great  concern.  However,  it  may  well  be 
irrelevant  to  the  decision  to  proceed  or  not  to  proceed  with  the  SFIA 
terminal  complex  expansion  since  these  increases  in  traffic  are 
anticipated  to  occur  regardless  of  the  terminal  expansion. 
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The  cargo  and  terminal  areas  are  served  from  a  6-inch 
connection  to  the  20-inch  main  west  of  Bayshore 
Freeway  opposite  the  airport  entrance  road . 

The  United  Airlines  Maintenance  Base  and  the  north 
area  of  the  airport  are  served  from  connections  to  the 
20- inch  main  in  South  Airport  Boulevard  near  San 
Bruno  Avenue . 

A  new  8-inch  main  has  been  constructed  by  PG&E  to  serve 
future  development  in  the  north  area. 

Data  obtained  from  PG&E  for  natural  gas  consumption  at  this 
plant  for  the  time  period  of  April  1972  through  April  1974  shows  that 
on  average,  about  138  million  cubic  feet  per  year  (MCFY)  of  natural 
gas  were  consumed  there . 

The  ultimate  airport  expansion  involves  the  construction  of  a 
new  North  Terminal,  and  additions  to  the  Central  and  South 
Terminals .  An  element  of  the  expansion  program  is  a  new  integrated 
heating  plant  which  service  all  the  terminal  buildings .  This  plant 
will  be  located  in  the  Ground  Transportation  Center. 

Based  on  a  1970  report  by  Metcalf  &  Eddy,  Inc.  (4)  ,  and 
estimates  by  SFIA  engineers ,  concerning  necessary  additions  and 
improvements  in  the  natural  gas  distribution  system  due  to  proposed 
airport  expansion,  and  the  annual  consumption  data  presented 
above,  it  is  anticipated  that  the  improved  terminal  complex  will 
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require  an  additional  210  MCFY  per  year  for  heating.  This  would 
raise  consumption  to  approximately  350  MCFY .  This  increase  in 
natural  gas  consumption  for  heating  appears  reasonable  due  to  the 
increase  in  the  size  of  the  terminal  facility .  The  estimated  con- 
sumption of  natural  gas  at  SFIA  for  the  development  alternatives  under 
consideration  here  are  presented  in  Exhibit  G-2,  following  this  page.  . 

According  to  PG&E  (5) ,  customers  using  in  excess  of  1.2 
million  but  less  than  24  million  therms  per  year     ,  can  expect  to 
have  their  gas  service  interrupted  due  to  shortages  as  follows: 

2/ 

Heating  Season  Percent  Interruption  of  Service- 

1974-  1975  1 

1975-  1976  5 

1976-  1977  12 
Source:  PG&E 

In  order  to  prevent  a  shutdown  of  the  heating  plant  due  to 
an  interruption  in  gas  supply,  the  present  and  proposed  plants 
are  designed  to  use  fuel  oil  when  necessary . 


1/       1  Therm  =  100,000  BTU's 
2/       Assuming  a  normal  winter 
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EXHIBIT  G-2 
San  Francisco  International  Airport 
NATURAL  GAS  CONSUMPTION  AT  SFIA 


Airport 

Natural  Gas  Consumption 

Year 

Configuration 

(MCF) 

1974 

Present 

138 

1982 

No  further  development 

138 

Project 

350 

1990 

No  further  development 

138 

Project  w/BART 

350 

Project  w/o  BART 

350 

MCF  =  Millions  of  cubic  feet 
Source:   Landrum  &  Brown 


(3)      Electric  Power  Consumption  at  SFIA 


Electric  power  is  supplied  to  the  airport  by  PG&E  by  means 
of  high  voltage  transmission  lines  from  several  major  hydroelectric 
and  thermal  electric  generation  facilities .  The  Millbrae  and  "BA" 
substations  service  the  airport  with  three  12-kv  feeders;  which 
have  no  other  loads .  According  to  the  Master  Utilities  Plan  (6) ,  the 
loss  of  one  of  the  three  incoming  12-kv  sources  of  supply  to  the 
airport  under  current  (1971)  peak  load  conditions  will  not  require 
the  dropping  of  any  loads .  In  regard  to  further  peak  loads ,  the 
shedding  of  lower  priority  loads  could  be  required  during  some 
further  peak  load  periods  in  the  unusual  circumstance  that  one  of 
the  PG&E  substations  were  out  of  service. 

The  same  Master  Utility  Plan  provided  for  an  ultimate  load 
of  90  M  VA,  as  had  been  recommended  in  an  earlier  plan  (7) ,  however, 
the  time  of  realization  of  this  ultimate  load  could  not  be  predicted . 
Subsequent  developments  indicate  that  this  estimate  is  probably 
too  high  for  the  planning  period  of  this  study . 

During  1974,  the  average  demand  for  electric  power  was  about 
15.3  megawatts  (8)  .  The  airport  engineers  and  airport  consultants 
indicate  that  this  average  power  demand  is  fairly  constant  during 
the  day,  and  probably  does  not  vary  by  more  than  10  percent 
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between  night  and  day .  On  this  basis ,  one  may  estimate  the  current 
daily  electrical  energy  consumption  to  be  about  370  megawatt  hours, 
or  135  million  kilowatt  hours.  By  comparison,  the  total  energy 
produced  by  PG&E  and  other  suppliers  in  the  forty-eight  county 
area  amounted  to  67,329  million  kilowatt  hours  (9)  .  Therefore, 
electrical  energy  consumption  at  SFIA  amounted  to  less  than  one- 
half  of  one  percent  of  the  regional  consumption . 

The  expansion  program  involves  construction  of  a  new  North 
Terminal,  and  expansion  of  the  present  South  and  Central  Terminals, 
as  well  as  the  expansion  of  the  garage  and  construction  of  the 
industrial  waste  treatment  plant.  It  is  difficult  to  estimate  with 
great  accuracy,  the  power  demand  of  a  complex  as  complicated  as 
SFIA.  However,  it  is  clear  that  these  elements  will  significantly 
increase  the  electric  power  consumption  at  the  airport .  The 
increments  to  the  present  electrical  energy  consumption  are  derived 
from  estimates  of  electrical  demand  prepared  by  the  airport 
consultants  and  are  shown  in  Exhibit  G-3,  on  the  following  page  (10)  . 
Even  in  the  no  further  development  alternative,  there  will  be  about 
a  25  percent  increase  in  electrical  energy  consumption  because  of 
projects  which  are  not  a  part  of  the  expansion  program .  The 
increase  in  electrical  energy  consumption  is  due  primarily  to  the 
additional  lighting  load  for  the  expanded  terminal  complex,  and 
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EXHIBIT  G-3 
San  Francisco  International  Airport 
ELECTRICAL  POWER  CONSUMPTION  AT  SFIA 


Year 

Configuration 

Electrical  Energy- 
Consumption  (Mkwh) 

1974 

Present 

135 

1982 

No  further  development 

170 

Project 

630 

1990 

No  further  development 

170 

Project  w/o  BART 

630 

Project  w/BART 

640 

Source:      Landrum  &  Brown 


also  to  the  installation  of  air  conditioning  throughout  the  public  area 
of  the  terminal.  It  should  be  pointed  out  that  even  under  the 
expansion  program  SFIA  would  continue  to  consume  less  than  1  percent 
of  the  electrical  energy  currently  consumed  in  the  forty-eight  county 
service  area .  Linking  SFIA  to  the  present  Daly  City  terminal  of 
the  BART  aystem  would  increase  electrical  energy  consumption  less 
than  2  percent. 

(4)      Gasoline  for  Airport  Related  Vehicular  Traffic 

Persons  coming  to  SFIA  do  so  primarily  on  the  Bayshore 
Freeway;  secondary  routes  are  along  El  Camino  Real,  and  the 
secondary  streets  in  the  neighboring  communities .  When  the 
Interstate  380  -  U.S.  101  interchange  is  completed.  Interstate  280 
should  also  experience  increments  in  airport  related  traffic .  An 
additional  element  in  considering  traffic  generated  fuel  requirements 
is  the  proposed  mass  transit  link  between  Daly  City  and  SFIA .  In 
Appendix  C  of  this  report,  detailed  analysis  of  the  miles  traveled  by 
motor  vehicles  accessing  the  airport  was  undertaken .  From  this 
data  base,  estimates  of  fuel  consumption  required  by  this  traffic 
pattern  can  be  derived.  The  results  of  the  analysis  are  summarized 
in  Exhibit  G-4,  on  the  following  page.  In  essence  the  results  are: 

Current  fuel  consumption  during  the  1974  planning 
year  amounted  to  66  million  gallons  of  gasoline  (MGY)  . 
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EXHIBIT  G-4 
San  Francisco  International  Airport 
VEHICLE  GASOLINE  CONSUMPTION 
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In  the  1982  planning  year,  motor  vehicle  fuel 
consumption  will  increase  about  18  percent  to 
about  78  MGY  regardless  of  whether  the  expansion 
program  is  undertaken .  The  increase  in  fuel 
consumption  is  significantly  less  than  the  increase 
in  VMT  (72  percent)  on  the  assumption  of  improved 
engine  efficiency . 

In  1990,  the  fuel  consumption  by  motor  vehicles  will 
depend  on  whether  the  proposed  mass  transit  link  is 
accomplished . 

Without  such  a  system ,  fuel  consumption  should 
increase  about  21  percent  over  1974  levels  to  about 
80  MGY . 

With  mass  transit,  the  increment  over  1974  con- 
sumption levels  will  be  about  14  percent  to 
75  MGY,  and  about  6  percent  less  than  1990 
levels  without  the  system  . 

(5)      Energy  Impact  Assessment 

The  energy  impacts  associated  with  activities  at  SFIA  in 
future  years,  (both  with  and  without  the  proposed  development) 
are  summarized  below . 


Whether  or  not  the  airport  development  plans  are 
carried  out,  total  aircraft  operations  at  SFIA  will 
increase  to  367,640  with  an  expected  24  MAP  in  1982. 
For  1990,  there  will  be  361,340  operations  with  31 
MAP .   The  increases  in  aviation  fuel  usage  are 
projected  to  result  in  total  energy  consumption  by 
aircraft  of: 

About  89  trillion  BTUs  in  1982§./. 

About  96  trillion  BTUs  in  1990 . 


1  trillion  BTUs  =  1  x  lO"'"'  BTUs 
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In  the  no  further  development  alternative,  energy 
consumption  at  the  aii^port  for  operating  of  facilities 
will  increase  about  25  percent  due  to  normal  non- 
expansion  program  development  in  the  electrical 
power  sector.  With  the  expansion  program,  the 
increased  requirement  for  natural  gas  for  heating 
will  result  in  raising  the  energy  consumption  by  a 
factor  of  about  two  and  one-half  to  slightly  more  than 
one-third  trillion  BTUs  from  the  current  consumption 
level  of  0.15  TBTUs .  Increased  requirements  for 
electrical  power  for  lighting,  air  conditioning  and 
other  facility  operations  will  increase  energy  con- 
sumption by  a  factor  of  about  5  to  2.15  TBTUs  per 
year  .  The  current  consumption  is  about  one-half  TBTUs 
per  year  for  this  sector ,   In  the  event  of  a  mass  transit 
link  between  SFIA  and  Daly  City,  the  increased  energy 
consumption  for  moving  the  less  than  20  percent  of  the 
anticipated  passengers  by  this  mode  would  increase 
energy  consumption  by  less  than  2  percent. 

Fuel  consumption  for  airport  related  vehicular  activity 
may  be  summarized  as  follows: 

1982  -  8.7  trillion  BTUs 

1990  -  with  BART  -  8.6  trillion  BTUs, 
all  other  cases  9.2  trillion  BTUs 


The  use  of  BART  coupled  with  more  efficient  gasoline  engines 
will  lessen  the  impact  of  the  expected  increase  in  VMT  due  to  the 
rising  volume  of  air  passengers  at  SFIA  through  1990. 

Exhibit  G-5,  on  the  following  page,  summarizes  the  impact  on 
energy  due  to  increases  in  demands  for  aviation  fuels,  natural  gas 
for  terminal  heating  and  gasoline  for  vehicular  traffic. 
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EXHIBIT  G-5 
San  Francisco  International  Airport 
SUMMARY  OF  ENERGY  IMPACT 
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4 . .      BAY  FILL 


San  Francisco  Bay  is  an  irreplaceable  gift  of  nature  that  serves  both 
human  and  natural  needs,  and  is  a  unique  asset  to  the  Bay  Area.  The  Bay 
needs  to  be  protected  from  needless  and  gradual  destruction  by  water 
pollution,  or  developments  which  require  filling  or  extraction  of  its 
resources .  Any  of  these  activities  must  be  carefully  justified  before  they 
are  allowed  to  impact  on  the  Bay . 

According  to  the  Bay  Conservation  and  Development  Commission  (11) , 
the  state  agency  responsible  for  Bay  development  and  protection,  some 
Bay  filling  may  be  justified  for  purposes  providing  substantial  public 
benefits  if  these  benefits  could  not  be  achieved  equally  well  without  filling. 
Substantial  public  benefits  are  provided  by  developing  expanded  airport 
terminals  and  runways  if  regional  studies  demonstrate  that  there  are  no 
feasible  sites  for  major  airport  development  away  from  the  Bay .  The 
Regional  Airport  Systems  Study  (12)  has  recommended  the  expansion  of 
SFIA  as  contemplated  by  the  airport's  expansion  program. 

Bay  filling  is  not  an  element  of  this  expansion  program  .  The  pre- 
liminary plan  included  filling  of  the  Seaplane  Harbor  and  providing  roads 
and  facilities  in  this  area.  This  element  has  been  removed  from  the 
expansion  program . 
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5.        HYDROLOGICAL  CONSIDERATIONS 

The  additional  terminal  facilities  planned  or  under  construction  will 
not  significantly  affect  the  hydrological  conditions  at  the  site. 

There  is  no  pumping  of  ground  water  for  any  supply  purpose,  nor 
is  there  any  planning  for  such  pumping . 

(1)      General  Characteristics  of  the  Water  Table 

The  water  table  in  the  airport  area  is  approximately  5  feet 
above  sea  level  in  wet  winter  months  and  drops  several  feet  during 
the  dry  summer  months.     The  exact  amount  of  drop  during 
summer  months  has  not  yet  been  accurately  determined .  The 
water  table  is  above  mean  sea  level  for  the  following  reasons 
according  to  a  study  by  Lee  and  Praszker  (13)  . 

The  fill  which  is  superimposed  upon  the  Upper 
Bay  mud  tends  to  increase  the  pore  water 
pressure  in  the  mud  by  virtue  of  its  weight,  so 
that  the  water  is  forced  to  flow  in  all  directions 
including  upwards. 

The  groundwater  emanating  from  the  hills  to 
the  west  travels  toward  the  Bay  and  it  also 
courses  between  the  interface  of  the  fill  and 
mud .    The  hydrostatic  pressure  which  causes 
the  water  to  flow  forward  also  forces  it  to 
build  up  a  head  in  the  fill  above  the  mud. 
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(2)      Effects  of  New  Constructions 


Numerous  past  and  ongoing  airport  construction  projects  have 
indicated  that  construction  affects  the  water  table  very  little.  For 
instance,  the  soil  in  the  North  Terminal  foundation  excavation  is 
relatively  impermeable.    The  amount  of  water  entering  the  foundation 
excavation  was  extremely  small.    The  drawdown  effect  of  the  seepage 
into  the  excavation,  although  not  measured,  could  not  have  been  great 
even  in  the  vicinity  of  the  excavation,  and  would  not  have  been  dis- 
cernible at  any  location  off  of  the  airport.  Since  the  North  Terminal 
foundation  required  as  large  an  excavation  as  any  of  the  facilities 
would  require  in  the  entire  expansion  program,  the  effect  of  the 
excavation  on  lowering  the  water  table  is  expected  to  be  negligible. 

6.-      SOLID  WASTES 

Many  airports  across  the  nation  are  developing  into  major  commercial 
complexes  which  have  the  same  problems  of  development  as  other  urban 
institutions.    One  of  these  is  the  disposal  of  the  solid  wastes,  i.e.  the  metal, 
paper,  plastic,  wood  and  food  wastes  generated  by  human  activities.  SFIA 
is  somewhat  unique  in  its  position  with  respect  to  the  greater  Bay  Area 
community  which  surrounds  it  on  three  sides.    Whereas  other  airports  may 
have  open  land  surrounding  them,  SFIA  is  itself  surrounded  by  communities. 
This  fact  imposes  more  stringent  requirements  on  it  for  disposing  of  its  wastes 
in  a  manner  compatible  with  the  rest  of  the  community. 
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(1)      Sources  of  Solid  Wastes 


Functionally  there  are  four  major  activity  centers  at  SFIA 
which  generate  solid  waste: 

The  passenger  terminals  of  which  there  are 
currently  two.    A  new  North  Terminal  is  a 
part  of  the  expansion  program . 

The  air  freight  and  air  mail  handling  facilities 
in  two  areas  incorporating  eight  buildings 

The  aircraft  service  centers  of  which  there  are 
six  major  areas  with  several  buildings  per  area. 

The  aircraft  maintenance  base . 

An  extensive  survey  of  the  solid  waste  system  at  SFIA  was 
carried  out  during  1971,  by  Metcalf  &  Eddy  (14)  .  The  weight  and 
compositions  of  the  solid  wastes  generated  by  these  source  activities 
were  analyzed .   The  results  of  this  analysis  are  shown  in  Exhibit 
G-6,  on  the  following  page.  The  data  were  further  analyzed  and 

correlated  with  measurable  units  of  airport  activity  to  give 
representative  solid  waste  generation  parameters: 

0.53  pounds  per  passenger  for  the  terminals. 

7.10  pounds  per  ton  of  cargo  for  the  air 
freight  areas 
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EXHIBIT  G-6 
San  Francisco  International  Airport 
SOLID  WASTES  AT  SFIA 
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1.02  pounds  per  passenger  for  the  service 
centers 

2.19  pounds  per  employee  per  day  for  the 
aircraft  maintenance  base . 

These  data  have  been  confirmed  by  more  recent  information  from 
the  airport  scavenger  service  which  serves  the  airport  and  its 
tenants  (15)  . 

(2)      Impact  Assessment 

The  data  generated  above  can  be  used  to  make  projections 
of  solid  waste  loads  that  will  be  generated  at  SFIA  in  the  future . 
As  has  been  shown  earlier  (Appendix  A)  aviation  demand  levels 
(air  passengers  and  aircraft  operations)  will  increase  in  virtually 
the  same  way  at  SFIA  whether  or  not  the  expansion  plan  is  implemented . 

Given  this  fact,  the   no  further  development   case  will  impose  the  same 
requirements  on  the  airport  as  well  as  the   proposed  development 
alternative. 

The  projections  of  future  passenger  and  air  cargo  area  solid  waste 
quantities,  shown  in  Exhibit  G-6,  indicate  that  SFIA  will  continue  to 
generate  about  two  percent  of  the  total  San  Mateo  county  solid  waste 
load. 


G-22 


Current  practice  is  to  dispose  of  SFIA  solid  waste  material  at 
the  Menlo  Park  sanitary  landfill.    This  site  is  expected  to  have 
a  viable  life  of  six  to  eight  more  years  after  which  it  is  planned 
that  it  will  be  developed  into  a  park.  Beyond  that,  an  additional 
site.  Ox  Mountain,  is  under  consideration  as  a  future  development. 
The  airport  will  cooperate  with  local  and  regional  agencies  in 
planning  for  use  of  alternative  sites . 

In  addition  to  the  wastes  generated  by  passenger  and  cargo 
related  activities,  some  solid  waste  is  generated  by  other  activities 
such  as  construction ,  and  demolition .  Wood  materials  from  such 
activities  are  usually  disposed  of  outside  the  airport  in  the  sanitary 
landfill.  Dirt,  broken  asphalt  and  concrete  are  used  as  landfill. 

At  the  time  of  the  Metcalf  &  Eddy  study,  only  one  airport, 
Sacramento  Municipal  Airport,  conducted  a  formal  recycling 
program .  This  program  was  aimed  at  recovery  and  reuse 
of  cardboard  only . 

In  summary,  SFIA's  impact  on  solid  waste  disposal  should 
not  be  significantly  greater  than  it  presently  is.    The  present 
solid  waste  load  is  about  two  percent  of  the  county  total  and 
should  remain  so  over  the  period  under  consideration. 
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7.  WILDLIFE 


San  Francisco  Bay  provides  an  almost  ideal  environment  for  a 
large  variety  of  fish  and  wildlife.    The  estuarine  environment  includes 
areas  of  marshlands,  salt  flats,  mud  flats  and  shallow  open  waters, 
and  so  can  support  this  diverse  population .    Human  benefits  from  the 
fish  and  wildlife  from  the  Bay  involve  food,  income,  recreation,  scientific 
research,  education  and  an  environment  for  living.  Although  no  compre- 
hensive estimate  of  the  value  of  these  benefits  has  been  made,  there  is 
no  question  but  that  they  provide  substantial  public  benefit  and  must  be 
maintained  for  both  present  and  future  generations  of  California. 

(1)  Habitats 

Four  major  wildlife  habitats  exist  in  and  around  the  Bay; 
approximately  50  square  miles  of  marshland,  78  square  miles 
of  salt  production  lands,  65  square  miles  of  tidal  flats  and 
400  square  miles  of  open  water. 

Marsh  areas  are  used  for  nesting,  feeding  and  protective 
grounds  for  many  bird  species.    Major  marshlands  are  located 
in  Suisun  Bay  and  around  the  Napa  River.    Smaller  remnants  of 
marshes  exist  around  San  Pablo  Bay  and  South  San  Francisco  Bay. 
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Salt  production  lands  are  important  in  the  overall  ecological 
picture  of  birds  in  the  Bay.    All  species  use  these  ponds  for 
nesting  and  feeding  areas.    Shorebirds  depend  upon  them  for 
nesting  areas  during  high  tide . 

Exposed  mud  flats  and  tidelands  occupy  major  portions  of 

the  Bay,  except  where  fill  areas  extend  out  to  deep  water.  These 

tidal  flats  produce  mussels,  clams,  snails,  worms  and  insects  that 
shorebirds  depend  upon  for  survival .  They  are  the  food  store 

for  shorebirds .   The  waterfowl  and  shorebirds  use  the  Bay  princi- 
pally in  areas  where  water  is  less  than  18  feet  deep  at  low  tide . 

This  generally  approaches  the  normal  feeding  depth  limit  for  most 
species  of  diving  ducks.    The  flats  and  shoal  areas  provide  a  great 
abundance  of  invertebrate  fauna,  which  comprise  the  main  diet  of 
many  species  of  diving  ducks  and  shorebirds. 

Open  water  areas  are  used  by  ducks,  cormorants,  geese  and 
loons  for  nesting,  and  sometimes  feeding  areas. 

The  bay  area  is  an  essential  nesting  place,  feeding 
area  and  watering  ground  for  birds  on  the  Pacific  Flyway 
from  Mexico  to  Canada.    The  route  of  the  Pacific  Flyway  is 
shown  as  Exhibit  G-7,  on  the  following  page. 
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EXHIBIT  G-8 
San  Francisco  International  Airport 

SAN  FRANCISCO  BAY  IN 
SAN  FRANCISCO  INTERNATIONAL 
AIRPORT  AREA 
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The  natural  resources  of  the  bay  include  waterfowl  habitat, 
shell  deposits,  rookeries  for  harbor  seals  and  tidal  marshes  which 
are  essential  to  the  existence  of  numerous  species  of  fish,  birds 
and  animals.    Exhibit  G-8,  following  G-7,  shows  these  natural 
resource  areas .    As  can  be  seen  the  area  around  SFIA  is  not 
regarded  as  prime  wildlife  habitat. 

(2)      Impact  Assessment 

Since  the  proposed  expansion  program  is  to  take  place  within 
the  confines  of  the  present  airport,  little  impact  on  the  fish  and 
wildlife  of  the  Bay  Area  is  expected .    The  opinion  of  the  U .  S . 
Department  of  Interior  and  the  California  Department  of  Fish  and 
Game  were  solicited  in  this  regard,  and  these  agencies  concur  that  the 
effects  of  the  expansion  program  should  be  minimal.   The  responses  of 
these  agencies  are  presented  here  as  Exhibits  G-9  and  Exhibit  G-10.  It 
should  be  noted  that  since  it  is  anticipated  that  the  number  of 
aircraft  operations  is  expected  to  decline  slightly  during  the  period 
under  study,  there  should  be  a  lessening  in  whatever  affect  may  be 
attributed  to  them . 
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EXHIBIT  G-9 


San  Francisco  International  Airport 

RESPONSE  OF  CALIFORNIA 
DEPARTMENT  OF  FISH  AND  GAME 


STATE  OF  CALIFORNIA— RESOURCES  AGENCY 


Edmund  G,  Brovm  Jr. 


■  rnor 


DEPARTMENT  OF  FISH 
Post  Office  Box  47 
Yountville,  California 


AND  GAME 


94599 


February  19,  1975 


R'.  F.  K. 

fEB  2G  ],;^ 


Mr.  Robert  F.  Kasm 

c/o  Foster  D.  Snell,  Inc. 

Hanover  Road 

Florhara  Park,  New  Jersey  07932 
Dear  Mr.  Kanm: 

Thank  you  for  your  letter  requesting  our  review  of  the  project  description 
for  the  San  Francisco  Airport  Expansion. 

As  per  your  meeting  with  Mr.  Gill  of  my  staff  and  subsequent  discussion  of 
the  proposed  project,  the  Department  of  Fish  and  Game  does  not  anticipate 
any  significant  impact  of  the  proposed  expansion  program  on  the  wildlife 
resources  and  habitat  of  the  area. 

As  you  acknowledge,  however.  Department  of  Fish  and  Game  will  still  have 
to  review  the  environmental  impact  statement.    It  is  possible  that  we  might 
comment  at  that  time. 

We  appreciate  your  solicitation  of  our  conrments  prior  to  the  EIS  review. 
Sincerely, 


J.  C.  Fraser 
Regional  Manager 
Region  III 


EXHIBIT  G-10 


San  Francisco  International  Airport 


RESPONSE  OF  UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
FISH  AND  WILDLIFE  SERVICE 


Reference : 


RB 


1500  N.  E.  IRVING  STREET 
P.  0.  BOX  3737 
PORTLAND,  OREGON  97208 


January  22,  1975 


Mr.   Robert  F.  Kamm 
Associate  Research  Director 
Foster  D,  Snell,  Inc. 
Hanover  Road 

Florham  Park,  New  Jersey  07932 
Dear  Mr.  Kainin: 

This  responds  to  your  letter  of  January  8  regarding  the  preparation 
of  an  environmental  impact  statement  for  the  proposed  expansion  of 
San  Francisco  International  Airport. 

We  agree  with  your  conclusion  that  effects  of  the  expansion  on  wild- 
life and  their  habitat  would  be  minimal. 

We  regret  we  have  no  reports  describing  the  impacts  of  increased 
noise  and  diminished  air  quality  on  wildlife  as  they  relate  to  airport 
expansion.     We  presvime  any  effects  occurring  now  would  increase  as 
airport  use  increased. 

Thank  you  for  the  opportunity  to  comment  on  this  proposal. 


Sincerely  yours. 


"7 


tegional  Director 


8 .       BECREATIQNAL  SITES 


There  are  two  aspects  of  recreational  activity  which  must  be 
addressed  in  evaluating  the  impacts  of  airport  development: 

Use  of  the  Bay  shoreline  for  recreational  purposes 
Use  of  park  and  playgrounds  away  from  the  shoreline 

Because  an  airport  may  induce  unpleasant  effects  at  recreational  sites, 
an  investigation  of  these  sites  in  relation  to  the  airport  was  made  in  con- 
junction with  preparation  of  this  EIS  . 

In  making  this  evaluation,  the  Community  Noise  Equivalent  Level 
(CNEL)  contours  (developed  in  Appendix  B)  were  used,  and  the  location 
of  parks  in  relation  to  the  contours  was  determined .  Although  no  specific 
criteria  for  parks  and  playgrounds  are  established,  compatible  land  use 
for  residential  purposes  is  that  lying  within  the  contours  designated  80 
CNEL  in  1974,  70  CNEL  in  1982  and  65  CNEL  contour  in  1990.  Location  of 
parks  and  playgrounds  on  land  compatible  for  residences  is  certainly  a 
compatible  land  use. 

(1)      Bay  Shoreline  Recreational  Areas 

The  Bay  shore  area  provides  sites  for  many  recreational 
activities  including  fishing ,  boating ,  biking  and  general  recreation . 
The  San  Francisco  Bay  Plan  developed  by  the  Bay  Conservation 
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and  Development  Commission  (BCDC)  recommends  that  access 
to  the  Bay  shore  be  made  readily  available  for  recreational 
uses .  The  sites  which  the  plan  proposed  for  recreational  use 
in  the  area  of  SFIA  are  shown  in  Exhibit  G-11,  on  the  following  page. 
Development  of  the  airport  under  the  expansion  program  will  not 
jeopardize  the  existence  of  any  of  these  sites .  In  comparing  the 
location  of  these  sites  with  the  noise  contour ,  one  finds  that  only 
the  Oyster  Point  park  and  marina  area  may  fall  within  1990  65  CNEL 
contour  during  the  weather  imposed  period  when  operations  require 
use  of  runways  28R  and  L  and  20R  and  L  for  all  landings  and  take- 
offs  .  For  all  other  scenarios ,  the  Bay  shore  parks  do  not  lie  within 
the  contours  compatible  with  residential  use  for  the  given  time  period . 

It  should  be  noted  that  the  airport  itself  is  a  source  of 
recreational  enjoyment  for  many  people  who  enjoy  viewing  airport 
activity  from  the  undeveloped  land  along  the  Old  Bay  shore  highway. 
The  activity  will  not  be  hindered  by  the  expansion  program. 

(2)      Parks  and  Playgrounds 

Since  the  airport  expansion  projects  will  be  carried  out  within 
the  bounds  of  the  present  airport,  they  do  not  threaten  the  existence 
of  any  of  the  parks  in  the  area.  With  regard  to  inland  parks,  parks 
and  playgrounds  within  the  communities  of  South  San  Francisco 
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EXHIBIT  G-11 
San  Francisco  International  Airport 
SAN  FRANCISCO  B  AY 
NORTHERN  SAN  MATEO  COUNTY 
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and  San  Bruno,  are  within  the  contours  under  certain  scenarios. 
In  1974,  no  parks  are  within  the  80  CNEL  contour.  In  1982,  no 
parks  or  playgrounds  are  within  the  70  CNEL  annual  average 
contour.  Although,  the  park  on  Seventh  Avenue  in  San  Bruno  will 
be  within  the  contour  during  the  May  and  June  seasonal  period .  In 
1990,  five  parks,  two  in  San  Bruno  on  Seventh  and  Huntington 
Avenues,  and  three  in  South  San  Francisco,  including  the  California 
Golf  Club,  the  playground  on  Spruce  Avenue  and  the  park  on 
Granada  Drive  are  within  the  65  CNEL  contour,  but  outside  the 
70  CNEL  contour .  During  the  May  and  June  period  of  weather 
affected  aircraft  operations,  the  Oyster  Point  park  area  also  falls 
within  the  65  CNEL  contour,  but  lies  outside  the  70  CNEL  contour. 

In  summary,  for  the  planning  years  1974  and  1982,  no  parks  or 
recreation  areas  fall  within  the  land  areas  incompatible  for  residential  use 
(save  one  which  may  do  so  during  the  seasonal  period)  .  In  1990,  six 
parks  will,  at  times,  fall  within  the  contour  then  applicable  to  residential 
use.  It  should,  however,  be  emphasized  that  these  same  parks  will  be 
on  land  which  has  been  compatible  with  residential  use  for  the  previous 
planning  years .  The  implication  of  this  is  that  by  1990,  the  use  of 
residential  criteria  to  assess  recreational  land  use  becomes  too  conservative. 
Obviously,  the  use  of  land  for  recreational  purposes  need  not  have  as 
strict  a  requirement  as  residential  land  use . 
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9 .       HISTORICAL  SITES 


The  Bay  area  has  many  sites  of  historical  interest.  People  should 
be  able  to  inspect  and  study  these  in  reasonable  comfort  and  convenience. 
Since  airports  may  generate  undesirable  effects  outside  their  boundaries, 
an  investigation  of  the  possible  impact  of  the  SFIA  expansion  program  on 
the  historical  sites  in  the  area  was  undertaken  in  conjunction  with 
preparation  of  this  EIS  . 

In  making  this  evaluation,  the  California  Community  Equivalent  Noise 
Level  (CNEL)  contours  (developed  in  Appendix  B)  were  used,  and  the 
location  of  a  given  site  in  relation  to  the  contour  was  determined.  Although 
no  specific  criteria  for  historic  sites  are  established,  compatible  land  use 
for  residential  purposes  is  that  having  a  80  CNEL  in  1974,  70  CNEL  in  1982 
and  CNEL  in  1990 .  Location  of  historic  places  in  residentially  compatible 
areas  should  certainly  impose  no  hindrance  on  the  enjoyment  and  study 
of  them . 

(1)      Historical  Sites 

The  California  Department  of  Parks  and  Recreation  maintains 
lists  of  sites  of  historic  interest .   Those  in  the  area  of  SFIA  are 
described  in  Exhibit  G-12,  on  the  following  page  (2)  .   The  airport 
itself  is  not  currently  listed  on  any  list  of  historic  places . 
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EXfflBIT  G-12 
San  Francisco  International  Airport 
RESPONSE  OF  DEPARTMENT 
OF  PARKS  AND  RECREATION 


SIATf  Cr  CAUIOINIA— THE  KESOURCES  AGENCY 


tOMUND  C.  BROWN  JR..  Cerminor 


DEPARTMENT  OF  PARKS  AND  RECREATION 


r.O.  tOX  }390 
SACRAMENTO  Mtll 


March  6,  1975 


Mr.  Robert  F.  Kamm 
Associate  Research  Director 
Foster  D.  Snell,  Inc. 
Hanover  Road 

Florham  Park,  New  Jersey  07932 
Dear  Mr.  Kamm: 

In  compliance  with  your  telephone  conversation  of  February  26,  1975,  requesting 
information  regarding  historical  properties  identified  on  State  and  Federal 
register  programs  in  the  general  vicinity  of  the  San  Francisco  International 
Airport,  San  Mateo  County,  we  submit  the  following  information. 

The  San  Francisco  Bay  Discovery  Site,  four  miles  west  of  San  Bruno  via  Skyline 
Drive  and  Sneath  Lane,  is  on  the  National  Register  of  Historic  Places. 

The  following  are  California  State  Historical  Landmarks:    No.  A8  De  Anza's 
Campsite  In  Burllngame;  No.  A?  De  Anza's  Expedition  Campsite  in  San  Mateo; 
No.  393  Hospice  of  Delores  Mission  Site  In  San  Mateo;  and  No.  846  the 
Burllngame  Railroad  Station  in  Burllngame. 

The  following  are  California  Points  of  Historical  Interest:    No.  16  Tanforan 
Rack  Track  Site  in  San  Bruno;  Ho.  18  Templeton  Crocker  Home  "Uplands",  AOO 
Uplands  Drive  in  San  Mateo;  No.  20  W.  J.  Martin  Home,  Eucalyptus  and  Grand 
^Avenue  In  South  San  Francisco;  and  No.  26  Sunshine  Cottage,  lAl  Borel  Avenue 
In  San  Mateo. 

Please  feel  free  to  contact  this  office  should  you  require  further  assistance 
regarding  this  matter. 


Sincerely , 


Russell  W.  Porter,  Chief 

Grants  and  Statewide  Studies  Division 
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(2)      Impact  Assessment 

Since  the  airport  expansion  program  will  take  place  within 
the  confines  of  the  present  airport,  the  existence  of  none  of  these 
sites  is  jeopardized  by  the  program . 

With  respect  to  noise  exposure,  only  California  Points  of 
Historical  Interest 

#16  Tanforan  Race  Track,  San  Bruno 

#20  W.J.  Martin  Home,  "Upland,"  South  San 
Francisco 

are  on  or  within  the  1974  season  65  CNEL  contour.  Refer  to  Exhibit 
B-19.   The  Martin  Home  (#20)  is  barely  within  the  65  CNEL  contour. 
Compared  to  the  annual  contour,  the  site  is  well  outside  the  contours. 
The  Tanforan  Race  Track  site  (#16)  is  between  the  65  and  70  CNEL 
contours  for  both  seasonal  and  annual  conditions .  It  should  be 
noted  that  this  site  has  been  transformed  into  a  shopping  center, 
and  is  consequently  within  a  compatible  land  use  designation . 

By  1982,  .only  the  former  race  track  site  will  be  within  the 
contours,  remaining  within, the  65  CNEL  contour.  This  situation 
will  continue  to  occur  in  the  1990  planning  year. 
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In  summary,  the  airport,  even  in  its  present  configuration,  has 
little  impact  on  historical  sites.  In  the  1982  and  1990  planning  year,  since 
the  noise  contours  are  shrinking  due  to  reduced  operations,  this  situation 
is  improved  to  the  extent  that  no  preserved  site  is  within  any  of  the 
contours . 
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APPENDIX  H 


ANALYSIS  OF  BENEFITS  AND  COSTS 


The  Airport's  Commission,  San  Francisco  International  Airport,  has 
undertaken  an  airport  development  program  designed  to  accommodate  fore- 
cast air  transportation  demand  in  the  Bay  Area  through  1990.   The  elements 
of  this  program  have  been  described  in  Chapter  I  of  this  report.  The  Airport's 
Commission  has  recognized  that  this  airport  development  action  will  have  effects 
upon  the  environment  and  in  consistency  with  the  National  Environmental  Policy 
Act  (NEPA)  ,  this  Environmental  Impact  Assessment  Report  (EIAR)  has  been  pre- 
pared to  describe  those  effects  and  to  identify  measures  for  the  mitigation  of 
potentially  adverse  effects .  Previous  sections  of  this  report  have  treated 
many  of  these  topics  such  as  air  and  noise  pollution  effects . 

The  purpose  of  this  appendix  is  to  describe  the  analyses  of  benefits  and 
costs  associated  with  the  proposed  project.  Subsequent  paragraphs  will  describe 
the  scope  of  the  analyses,  the  methodologies  used,  and  the  findings  made. 

1.  INTRODUCTION 

Since  the  preparation  of  the  RASS  and  the  adoption  of  recommendations 
by  the  MTC,  significant  changes  have  occurred  in  the  national  economy ,  Nota- 
ble among  these  are  the  energy  crisis  and  concomitant  spiralhng  price  of  oil, 
a  seemingly  inexorable  climb  in  consumer  and  wholesale  price  indices  and 
the  economic  downturn  of  1974  with  associated  increases  in  unemployment.  The 


effects  of  worsened  economic  conditions  have  permeated  most  sections  of  the 
economy  and  air  travel  has  not  been  excepted .   Growth  in  air  transportation 
demand  has  slowed  and,  as  a  result,  significant  questions  have  been  raised 
concerning  the  effects  of  this  reduced  rate  of  growth  upon  the  recommendations 
adopted  by  the  MTC  in  mid- 1973. 

These  questions  have  been  addressed  as  part  of  the  MTC's  continuing 
planning  process  .  Since  June,  1973,  two  adjustments  have  been  made  in 
forecast  air  passenger  levels  in  the  Bay  Area.  The  latest  revision,  RASS  II 
modified,  identifies  the  following  forecast  passenger  levels  for  San  Francisco 
International  Airport: 

25.3  million  passengers  by  1982 
32.8  million  passengers  by  1990 

These  forecasts  reflect  a  slower  rate  of  growth  than  originally  foreseen;  none- 
theless, they  represent  substantial  increases  when  compared  to  the  1974  air 
passenger  level — 17.4  million — at  San  Francisco  International  Airport  (SFIA)  . 

The  airport  expansion  program  at  SFIA  has  resulted  from  recognition 
by  the  Airport's  Commission  of  their  responsibility  to  meet  the  air  transporta- 
tion needs  of  the  Bay  Area  and  the  adoption  by  the  Commission  of  a  productive 
approach  to  fulfilling  the  role  identified  for  SFIA  in  the  RASS .   The  expansion 
program  is  consistent  with  the  Commission's  perception  of  the  development 
reqmred  to  accommodate  forecast  passengers  at  SFIA  and  is  being  undertaken 
with  the  assumption  that  the  remaining  elements  of  the  airport  system  recom- 
mended in  the  RASS  will  also  be  implemented  thereby  providing  the  Bay  Area 
with  an  effective ,  efficient  system  of  aviation  facilities . 
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2.        APPROACH  TO  THE  PROBLEM 


The  approach  taken  in  preparing  the  analysis  of  the  costs  and  benefits 
of  the  proposed  expansion  program  has  been  to  examine  the  proposed  expan- 
sion program  and  to  present,  within  the  constraints  imposed  by  time,  costs 
and  available  technology  and  data,  a  description  of  both  positive  and 
negative  effects  of  the  program .  An  attempt  has  been  made  to  present  the 
results  of  the  analyses  objectively  and  to  provide  needed  information  for 
decision  makers  .  This  document  in  and  of  itself  is  merely  a  resource  to  be 
drawn  upon  in  the  decision-making  process  . 

This  appendix  may  be  considered  a  form  of  summary  in  that  the  data 
and  information  presented  herein  are  derived,  in  large  measure  from  previous 
sections.   The  descriptions  of  the  benefits  and  costs  related  to  noise  pollution, 
for  example,  are  comprised  of  notable  data  drawn  from  Appendix  B  .  Similarly, 
the  summary  with  respect  to  air  quality  is  taken  from  Appendix  D,   Inasmuch  as 
these  data  and  information  have  been  thoroughly  documented  in  previous  sections, 
no  attempt  has  been  made  to  describe  the  data  base  or  methodologies  which  pro- 
duced these  conclusions;  rather,  the  reader  is  referred  to  the  respective  appen- 
dix for  each  of  the  subject  areas . 

This  appendix  also  introduces  new  information  concerning  socio-economic 
effects .  Because  this  information  has  not  been  presented  elsewhere  in  the  report 
a  description  of  the  approach  to  the  problem  of  assessing  these  effects  is  pre- 
sented in  the  section  of  this  appendix  dealing  with  socio-economic  effects. 
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The  summaries  of  airport-related  impacts  upon  the  Bay  Area  presented 
in  this  appendix  are  organized  according  to  a  generic  classification  system . 
Three  broad  categories  —  environmental,  ground  access  and  socio-economic  — 
are  considered.  Within  each  of  these  categories,  a  number  of  topics  are  pre- 
sented . 

An  attempt  has  been  made  to  assemble  the  disparate  effects  into  a  co- 
herent form  through  the  use  of  an  array  of  data  in  a  matrix  format .  Within 
this  matrix,  the  various  impacts  are  summarized  for  the  proposed  project 
and  for  each  of  the  alternatives  to  the  project.  The  data  and  information  pre- 
sented in  this  matrix  provide  the  basis  for  a  comparison  of  the  benefits  and 
costs  of  the  proposed  project.   For  example,  that  portion  of  the  matrix  re- 
lated to  air  pollution  provides  the  basis  for  comparing  total  air  pollution 
emissions  in  two  areas  —  "airport-related"  and  "vicinity."  More  importantly, 
the  presentation  of  data  in  this  matrix  format  provides  a  basis  for  summary 
comparisons,  e.g. ,  for  air  pollution  emissions  for  various  airport  develop- 
ment configurations  such  as  the  following: 

1974 

Existing  conditions 

1982 

No  further  development 
Proposed  development 

1990 

No  further  development 
Proposed  development  without  BART 
**         -         Proposed  development  with  BART 
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Thus ,  the  relationship  between  three  parameters  —  airport-generated 
effects,  the  forecast  level  of  air  passenger  demand  (associated  with  the  years 
of  study  presented)  and  various  development  alternatives ,  is  depicted .  The 
matrix  also  provides  a  basis  for  assessing  benefits  (in  form  of  improvements 
in  a  specific  effect  or  condition)  and  costs  (in  the  form  of  degradation  of  a  spe- 
cific effect  or  condition)  . 

Subsequent  sections  present  descriptions  of  the  notable  specific  effects 
identified  above.   These  descriptions  are  followed  by  a  presentation  of  the  ma- 
trix and  a  summary  of  benefit  and  cost  analysis  as  related  to  the  proposed  project. 

3.        DESCRIPTION  OF  THE  STUDY  AREA 

For  the  purposes  of  this  analysis ,  a  general  study  area  was  identified 
within  which  are  located  areas  of  intensive  study.   The  general  study  area 
corresponds  to  the  nine- county  area  represented  by  the  Association  of  Bay 
Area  Governments .   These  counties ,  and  their  respective  populations ,  are 
listed  below . 


County 


1973  Population 


1/ 


Alameda 
Contra  Costa 
Marin 
Napa 

San  Francisco 
San  Mateo 
Santa  Clara 
Solano 
Sonoma 


1,095,700 
581,200 
215,700 
85,200 
687.900 
569,400 

1,159,600 
183,800 
231,600 


Total 


4,810,100 


\j       Population  estimates  for  California  Counties,  Population  Research  U.-.'t, 
Department  of  Finance,  Sacramento,  California  —  August  1,  1974. 
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The  Association  of  Bay  Area  Governments,  a  voluntary  organization 
comprised  of  representation  from  each  of  these  counties,  has  responsi- 
bilities for  comprehensive  planning  for  the  nine-county  region.  Trans- 
portation planning  is  an  obvious  key  element  of  these  overall  responsibilities 
and  ABAG  is  actively  engaged  in  regional  transportation  planning.  One  pro- 
duct of  these  planning  efforts  is  the  Regional  Airport  Systems  Study  (RASS) 
mentioned  previously . 

The  forecasts  of  air  transportation  demand  produced  by  the  RASS 
effort,  and  subsequent  updates  resiilting  from  the  ABAG/MTC  continuous 
planning  process  were  key  determinants  in  the  development  of  the  airport 
expansion  program  at  SFIA.  It  appears  logical,  therefore,  that  analysis  of 
the  effects  of  the  proposed  expansion  program  should  be  made  within  the 
context  provided  by  ABAG's  geographic  coverage.   Thus,  the  nine  counties 
listed  above  were  selected  as  the  general  study  area. 

Subsequent  sections  will  identify  specific  impacts  and  their  associated 
areas  of  influence.  The  remainder  of  this  appendix  presents  the  four  broad 
categories  of  airport  impacts.   These  presentations  are  followed  by  a  summary 
of  the  airport's  impacts  with  the  discussion  focusing  upon  the  airport  impact 
matrix.  • 

4.       ENVIRONMENTAL  EFFECTS 

Previous  appendices  in  this  report  have  described  in-depth  analyses 
performed  in  assessing  the  effects  of  the  proposed  project  upon  the  environ- 
ment. For  the  purpose  of  examining  the  benefits  and  costs  of  the  project. 
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the  results  of  these  and  other  analyses  have  been  grouped  into  three  broad 
categories — environmental,  ground  access,  and  socio-economic.  Within  each 
of  these  categories,  specific  impacts  are  described.   These  impacts,  when 
analyzed  for  the  forecast  years  and  for  the  various  alternatives,  produce  a 
comparative  benefit/cost  analysis.   Within  the  environmental  category,  spe- 
cific consideration  will  be  given  to  the  following  areas: 

Air 

Noise 

Water 

Solid  Waste 
Energy 

(1)  Air 

Appendix  D  presents  a  thorough  analysis  of  existing 
and  future  air  quality  within  the  airport  and  within  its  en- 
virons. The  analysis  was  based  upon  estimates  of  air  pol- 
lutants associated  with  airport-related  activities  including: 

Aircraft  operations 
Ground  access  (on  and  off  airport) 
Service  vehicle  operations 
Stationary  resources 

The  estimates  of  air  quality  were  ultimately  used  to 
determine  compliance  with  federal  and  state  air  quality  stan- 
dards .  Specific  pollutants  considered  in  the  analysis  were: 

Total  hydrocarbons 
Oxides  of  nitrogen 
Sulphur  dioxide 
Particulate  matter 
Oxidant 
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For  the  purpose  of  the  analysis  of  benefits  and  costs, 
a  single  indicator  of  the  effects  upon  air  quality,  total  emis- 
sions, was  selected.   Exhibit  H-1  presents  these  emission 
levels  for  the  various  situations  considered . 

Examination  of  the  emissions  levels  presented  in  Ex- 
hibit H-1  provides  several  insights  into  the  air  quality  at 
SFIA  and  within  its  environs.   First,  and  perhaps  most  ob- 
vious ,  a  sharp  decrease  in  non-airport  related  emissions  is 
forecast  for  all  years  and  all  airport  configurations .  This 
trend  is  due  to  the  effects  of  increasingly  more  stringent 
state  and  federal  auto  emissions  standards . 

Further  examination  of  Exhibit  H-1  indicates  a  signi- 
ficant reduction  in  airport-related  emissions.   For  the  re- 
gion, this  reduction  is  from  approximately  105  tons/day  in 
1974  to  approximately  45  tons/day  in  1990.   The  results  of 
the  air  quality  analysis  indicate  a  slight  decrease  in  emis- 
sions which  is  attributable  to  the  proposed  project  (0.5  tons/ 
day  in  1990)  .   This  decrease  is  a  result  of  reduced  motor 
vehicle  idle  time  at  the  terminal  curb  front  with  the  addition 
of  the  North  Terminal . 

It  should  also  be  noted  that  the  alternative  which 
assumes  a  BART  link  results  in  only  slightly  lower  emissions 
than  for  other  options .  This  is  due  in  part  to  the  limited  effect 
that  BART  would  have  in  replacing  the  private  auto. 
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EXHIBIT  H-1 
San  Francisco  International  Airport 
AIR  POLLUTION  EMISSIONS 

Emissions  (Tons/Day) 


Year             Airport  Airport       -       Related  Vicinity 

Configuration            On-Airport  Regional  Non-Airport 

1974    Existing                              37.1  105.5  42.5 

1982    No  Further  Development     32.4  54.7  11.3 

Proposed  Development        31.3  53.6  11.3 

1990    No  Further  Development     31.7  46.1  8.9 

Proposed  Development 

W/O  BART                31.2  45.6  8.9 

Proposed  Development 

With  BART                30.6  44.1  8.2 
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(2)  Noise 


Appendix  B  provides  a  description  of  the  noise  impact 
of  aircraft  operations  at  SFIA .   Two  methodologies  were  used 
in  the  analysis:    CNEL  (Community  Noise  Equivalent  Level) 
and  ASDS  (Aircraft  Sound  Description  System)  .   As  with 
the  analysis  of  air  quality  effects ,  a  number  of  noise  im- 
pact conditions  were  analyzed  including  forecast  year  con- 
ditions under  the  various  developmental  alternatives. 

Specific  results  of  these  analyses  are  presented  in  Exhibit 
H-2  and  may  be  summarized  as  follows: 

CNEL  methodology  —  Three  categories  of  noise 
impacted  areas  were  analyzed;  total  area,  total 
residential  area  and  incompatible  area.   As  can 
be  seen  from  Exhibit  H-2,  the  total  area  and  total 
residential  area  impacted  decreases  throughout 
the  study  period.   An  increase  in  total  incompat- 
ible area  occurs ,  however,  and  requires  some 
explanation  for  the  sake  of  clarity.   The  criterion 
used  for  determining  incompatibility  is  set  by 
California  law  and  that  criterion  becomes  pro- 
gressively more  stringent  throughout  the  study 
period.   The  increase  in  incompatible  area  is 
attributable  to  the  progressive  imposition  of 
stricter  land  use  compatibility /aircraft  noise 
criteria  through  time  (80  CNEL  for  1974,  70 
CNEL  for  1982,  and  65  CNEL  for  1990)  .  Thus, 
while  aircraft  are  becoming  progressively  quieter 
thereby  reducing  the  size  of  noise  contours  through 
out  the  period,  changes  in  the  definition  of  incom- 
patibility are  also  occurring  and  these  changes 
produce  increased  areas  of  incompatibility. 

ASDS  methodology  ~  Unlike  the  CNEL  standards , 
the  ASDS  standards  do  not  change  over  the  fore- 
cast period;  thus,  the  effect  of  an  increasing  per- 
^  centage  of  quieter  aircraft  is  reflected  in  the  find- 

ings derived  utilizing  ASDS  .  For  both  total  residen 
tial  area  and  total  area,  the  effects  of  seasonal  wind 
conditions  were  analyzed  within  the  context  of  each 

of  the  forecast  years . 
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EXHIBIT  H-2 
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San  Francisco  International  Airport 
NOISE  IMPACT  SUMMARY 
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It  can  be  seen  from  Exhibit  H-2  that  both  total  area 
and  total  residential  area  exposed  to  aircraft  noise 
decrease  throughout  the  period,  a  direct  result  of  the 
increased  percentage  of  aircraft  operations  at  SFIA 
performed  by  quieter  aircraft. 

(3)  Water 

Analyses  of  the  effects  of  the  expansion  program  upon  water 
quality  are  presented  in  Appendix  E.   From  these  analyses,  two  key 
indicators — water  usage  and  waste  water  generation — were  se- 
lected for  inclusion  in  the  analysis  of  benefits  and  costs.  Exhi- 
bit H-3  presents  a  summary  of  the  effects  of  the  development  pro- 
gram, and  the  alternatives  to  the  program,  upon  these  indicators 
for  the  study  years . 

Review  of  Appendix  E,  and  of  the  data  presented  in  Exhibit 
H-3,  indicates  that  the  water  quality  impact  is  a  function  of  pas- 
senger levels  rather  than  a  result  of  the  expansion  program  or 
specific  alternatives .   The  exception  to  this  generalization  is  in 
the  area  of  industrial  waste  water.  As  part  of  the  expansion 
program,  an  industrial  waste  treatment  system  will  be  con- 
structed. This  system  will  meet  the  stringent  standards  for 
effluent  discharge  into  the  waters  of  San  Francisco  Bay .  An 
additional  improvement  in  the  area  of  industrial  disposal  will 
occur  as  the  result  of  location  of  an  outfall  for  the  discharge  of 
treated  wastes  in  a  position  one  mile  offshore . 
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EXHIBIT  H-3 
San  Francisco  International  Airport 
WATER  QUALITY  IMPACT 


Year 


Airport  Configuration 


1974 


Existing 


1982 


No  Further  Development 


Proposed  Development 


1990 


No  Further  Development 


Proposed  Development 
W/0  BART 


Proposed  Development 
W/BART 


Water  Quality  Impact 


Water  Usage 
(MOD)  • 


Waste  Water 
(MGD) 


Sanitary  Industrial 


1.8 


0.9 


1.15 


2.6 


1.1 


1.25 


2.6 


1.1 


1.25 


3.4 


1.6 


1.20 


3.4 


1.6 


1.20 


3.4 


1.6 


1.20 
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(4)  Solid  Waste 

Exhibit  H-4  presents  data  concerning  the  solid  waste 
generation  at  SFIA  throughout  the  study  period  and  for  the 
various  airport  configurations .  These  data  were  taken  from 
the  more  detailed  analysis  of  solid  waste  presented  in  Appen- 
dix G  of  this  report . 

As  shown  in  Exhibit -H-4,  the  solid  waste  generated  at 
SFIA  will  increase  throughout  the  study  period.   As  for  many 
other  impacts,  the  generation  of  solid  waste  is  a  function  of 
passenger  levels  and  neither  increased  nor  reduced  solid 
waste  will  result  from  the  expansion  program . 

(5)  Energy 

The  consumption  of  energy ,  especially  in  the  form  of 
fossil  fuels ,  has  emerged  in  recent  years  as  a  key  concern  of 
the  nation  and  the  world.   Both  voluntary  and  compulsory  con- 
trols upon  the  use  of  these  fuels  are  topics  of  every  day  conver- 
sation. Given  these  circumstances,  it  is  only  logical  to  consider 
the  merits  of  any  project  from  the  standpoint  of  its  effects  upon 
energy  consumption. 
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EXHIBIT  H-4 
San  Francisco  International  Airport 
SOLID  WASTE  IMPACT 


Solid  Waste  Impact 


Year  Airport  Configuration  (Tons/Year  x  10  ) 

1974             Existing  18 

1982             No  Further  Development  24 

Proposed  Development  24 

1990             No  Further  Development  30 

Proposed  Development  W/0 

BART  30 
Proposed  Development 

W/BART  30 
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A  detailed  treatment  of  the  effects  upon  energy  consump- 
tion which  will  result  from  expansion  of  SFIA  is  presented  in 
Appendix  G.  Exhibit  H-5  presents  data  concerning  the  con- 
sumption of  energy  that  may  be  associated  with  SFIA  during  the 
study  period  and  for  different  airport  configurations . 

As  can  be  seen  from  the  data  presented  in  the  exhibit, 
energy  consumption  will  increase  significantly  during  the 
study  period  but  will  show  little  significant  overall  difference 
for  the  various  airport  configurations .   Even  completion  of 
the  BART  link  to  the  airport  in  1990  achieves  a  reduction  in 
energy  consumption  of  less  than  one  percent  as  compared  to 
alternative  airport  configurations  for  the  same  year.  This 
failure  to  realize  more  substantial  savings  results  from  BART's 
displacing  other  forms  of  mass  transit  rather  than  serving  as 
an  effective  alternative  to  the  personal  auto. 

As  noted  in  Appendix  G,  increased  consumption  of  natural 
gas  for  heating  will  occur  as  a  result  of  the  expansion  program. 
This  will  be  partially  offset  by  the  reductions  in  gasoline  con- 
sumption by  idling  autos  due  to  curb  frontage  improvements. 
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EXHIBIT  H-5 
San  Francisco  International  Airport 
ENERGY  IMPACT 


Energy  Consumption 
Airport  Configuration  (BTU's/Yr.  x  IQ-*^^) 


Existing  82 

No  Further  Development  98 

Proposed  Development  100 

No  Further  Development  106 


Proposed  Developmet  W/0 

BART  108 


Proposed  Development  W/ 

BART  107 
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Further,  this  increase  in  energy  consumption  is  a  very  small 
portion  of  the  total  energy  consumption  associated  with  the  op- 
eration of  the  airport.   Its  level  of  magnitude  is  less  than  one- 
half  of  one  percent  of  the  total  energy  consumed. 

As  would  be  expected,  the  major  component  of  the  ener- 
gy impact  of  SFIA  results  from  aircraft  operations.    With  re- 
gard to  the  consumption  of  aviation  fuel,  it  can  be  reiterated 
from  Appendix  G  that  energy  consumption,  although  increas- 
ing throughout  the  study  period,  will  be  more  efficient  due  to 

the  use  of  widebodied  commercial  aircraft . 
5.        GROUND  ACCESS  EFFECTS 

Ground  access  is  a  key  issue  in  any  consideration  of  the  expansion  pro- 
gram at  SFIA.  The  location  of  the  airport,  on  a  six  mile  wide  peninsula  places 
constraints  upon  access  to  one  of  the  area's  large  traffic  generators.  It  becomes 
critical,  therefore,  to  analyze  the  effects  of  major  airport  expansion  upon  ground 
access  in  the  area.  Appendix  C  provides  detailed  analyses  of  ground  access  effects. 
As  in  the  previous  section  concerning  environmental  effects,  the  analysis  of  bene- 
fits and  costs  is  based  upon  the  use  of  key  indicators  of  ground  access  effects 
drawn  from  this  previous  work.  The  specific  indicators  presented  in  this  sec- 
tion are: 


H-18 


Total  vehicle  movements 
Number  of  locations  over  capacity 
Percent  curb  frontage  occupied 
Percent  access  by  transit 

Each  of  these  is  described  below . 

(1)      Total  Vehicle  Movements 

A  key  indicator  of  actual  traffic  conditions  is  produced 
through  simulation  of  vehicular  movements .  These  movements , 
generated  by  air  passengers,  non-air  passengers,  and  employees 
at  the  airport,  were  simulated  for  design  day  conditions  at  SFIA 
in  1974,  1982,  and  1990.  The  results  of  these  simulations  are  de- 
scribed in  Appendix  C  and  are  summarized  in  Exhibit  H-6. 

The  principal  observation  to  be  made  with  respect  to  the 
data  presented  in  this  exhibit  is  that  the  data  clearly  show  a 
substantial  increase  in  total  vehicle  movements  for  each  of  the 
study  years.  This  increase,  using  1974  as  the  base  year,  is 
48.4  percent  for  1984,  107.2  percent  for  1990  (without  BART) 
and  96.6  percent  (with  BART)  . 

In  order  to  understand  this  seemingly  inexorable  increase 
in  vehicle  movements  and  the  relationship  between  vehicle  move- 
ments and  the  expansion  program,  the  nature  of  vehicle  movement 
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EXHIBIT  H-6 
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generation  must  be  analyzed .   These  vehicle  movements 
are  produced  by  trip-taking  from  three  sources — air 
passengers,  non-air  passengers  and  employees.  The 
key  element  among  these  three  is  the  level  of  air  passengers 
because  this  element  drives  the  growth  of  the  remaining  two. 
Further,  it  has  been  shown  in  Appendix  A  that  increases  in 
air  passengers  will  occur  independently  of  the  expansion; 
thus,  if  air  passengers  and  the  concomitants,  non-air  passen- 
gers and  employees  increase  with  or  without  the  expansion 
program,  it  follows  that  total  vehicle  movements  can  increase 
accordingly.  To  this  extent  then,  it  may  be  stated  that  fore- 
cast increases  in  vehicle  movements  are  not  a  result  of  the 
expansion  program  and  are  not,  therefore,  a  cost  to  be  asso- 
ciated with  the  program . 

(2)      Number  of  Locations  Over  Capacity 

Appendix  C  also  provides  analyses  of  a  variety  of 
ground  access  capacity  factors.  Included  among  these  are: 

On -airport  intersection  capacities 
Off-airport  intersection  capacities 
Weaving  capacity — main  entrance  road 
Public  parking  sufficiency 
Off-airport  highway  capacities 
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The  capacity  items  analyzed  provide  the  basis  for 
the  conclusions  presented  in  this  subsection.   Exhibit  H-6 
indicates  the  number  of  locations  over  capacity  for  each  of 
the  study  periods  and  airport  configurations .    (The  analyses 
for  1982  and  1990  assumed  completion  of  1-380  and  related 
improvements  . )   These  locations  include  intersections  and 
road  segments. 

As  with  certain  ground  access  indicators  previously  dis- 
cussed, the  number  of  locations  over  capacity  has  no  causal  re- 
lationship with  the  expansion  program.   Traffic  generation  is 
largely  a  function  of  air  passenger  demand  and  not  terminal 
configuration;  thus,  the  number  of  locations  over  capacity  in 
1984  are  equal  for  both  airport  configurations.    This  same 
equality  prevails  in  1990  with  the  exception  of  the  configura- 
tion featuring  BART  access.    The  presence  of  the  rapid  transit 
link  would  alleviate  the  over  capacity  conditions  at  two  locations . 

(3)      Percent  Curb  Frontage  Occupied 

As  part  of  the  study  of  ground  access  effects,  an  analysis 
of  curb  frontage  for  both  the  enplaning  and  deplaning  roadways 
fronting  the  existing  and  proposed  terminals  was  necessary. 
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This  analysis  showed  that  deplaning  curb  frontage  need  was 
the  more  critical  than  frontage  for  enplaning  passengers  due 
to  higher  demand  volumes  and  longer  dwell  times  at  deplan- 
ing curbs.   As  noted  in  Appendix  C,  deplaning  curb  frontage 
is  a  most  vulnerable  component  of  the  ground  access  system 
and  has  a  high  probability  of  delays . 

The  analysis  of  curb  frontage  was  performed  using  an 
accepted  standard  for  practical  curb  frontage  capacity .  This 
practical  capacity  equals  70  percent  of  the  available  capacity 
and  is  used  because  demand  in  excess  of  70  percent  usually 
results  in  double  parking,  illegal  use  of  reserved  curbs,  or 
excessive  walking  distances. 

Exhibit  H-6  presents  the  results  of  the  deplaning  curb 
frontage  analysis  for  the  various  alternatives .   Review  of 
these  data  shows  the  following: 

Under  1974  existing  conditions,  curb 
frontage  occupancy  is  83  percent  and 
exceeds  practical  capacity  by  13  percent. 

The  "no  further  development  alternative" 
for  1982  and  1990  results  in  increasing 
capacity  problems  .   In  1982,  for  example, 
actual  occupancy  would  equal  available 
space,  if  possible.   In  1990,  the  potential 
percent  occupancy   (128%)  exceeds  both 
practical  capacity  and  available  capacity. 
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With  the  completion  of  the  north  terminal 
as  part  of  the  expansion  program,  the 
problem  of  curb  frontage  is  resolved. 
Percent  occupancy  for  1982  with  pro- 
posed development  is  an  excellent  59 
percent,  while  the  percent  occupancy 
in  1990  is  75  percent  (without  BART)  . 

From  these  observations  it  may  be  concluded  that,  with 
respect  to  curb  frontage  requirements,  a  substantial  need  exists 
at  the  present  time  and  this  need  becomes  increasingly  critical 
throughout  the  study  period .   The  expansion  program  will  re- 
solve this  problem  by  providing  needed  curb  frontage;  thus,  from 
the  standpoint  of  this  specific  surface  access  indicator  the  expan- 
sion program  will  provide  a  definite  benefit  --  with  reduction  of 
traffic  congestion  and  delay  attributable  to  deplaning  curb  frontage 
deficiencies . 

(4)      Percent  Access  by  Transit 

Exhibit  H-6  also  presents  data  concerning  the  percent 
access  by  transit.   Two  observations  may  be  made  from  these 
data.  First,  the  percent  access  by  transit  shows  an  increase 
throughout  the  study  period  but  this  increase  will  occur  inde- 
pendently of  the  expansion  program.   Second,  the  BART  link 
to  SFIA  will  increase  the  percent  access  by  transit  but  increase  , 
is  not  large  inasmuch  as  the  BART  would  divert  only  a  small 
percentage  of  access  by  auto .  • 

<  • 
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6.        SOCIO-ECONOMIC  EFFECTS 


The  analysis  of  socio-economic  effects  is  unlike  the  preceding  treatments 
of  environmental  and  ground  access  effects  in  that  socio-economic  effects  are 
not  discussed  elsewhere  in  this  document.   As  a  result,  in  this  section  a  de- 
scription of  the  methodologies  and  processes  used  in  analyzing  socio-economic 
effects  must  be  combined  with  the  analysis  of  benefits  and  costs, 

(1)  Introduction 

This  section  provides  a  description  of  socio-economic 
effects  attributable  to  continued  growth  in  air  transportation 
demand  at  SFIA  as  identified  previously  in  this  appendix. 
Several  indicators  of  these  effects  are  analyzed  including 
the  following: 


Capital  cost 
Employment  effect 
Payroll  effect 
Expenditure  effect 
Induced  growth 


In  the  performance  of  this  analysis,  the  data  and 
information  presented  in  the  Draft  Environmental  Report, 
San  Francisco  International  Airport  (August,  1973)  served 
as  useful  references.  Other  existing  studies  were  utilized 
as  feasible.   As  with  other  sections  of  this  document,  the 
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assessment  of  socio-economic  effects  necessitated  original 
data  gathering  and  analyses  which  were  performed  as  neces- 
sary.  Subsequent  sections  summarize  the  various  analyses 
with  specific  reference  to  the  indicators  listed  above, 

(2)  Capital  Costs 

Capital  cost  for  the  expansion  program  were  simply  derived 
from  data  presented  in  the  Draft  EIR  and  back-up  documentation. 
The  capital  cost  of  the  proposed  expansion  has  been  estimated  at 
$390 .0  million .  The  cost  of  extension  of  the  BART  link  to  the  airport 
has  been  estimated  at  $251.0  million.  Further  discussion  of  these 
capital  costs  is  deferred  for  treatment  in  a  subsequent  section  of 
this  appendix . 

(3)  Employment  Effect 

The  Draft  EIR  presented  an  analysis  of  employment  impact  which 
drew  heavily  from  two  sources: 

Wilsey  and  Ham,  The  Effect  of  Aviation  on  Physical 
Environment  and  Land-Uses,  1971 

William  Goldner,  et.  al.  ,  Economic  and  Spatial  Im- 
pact of  Alternative  Airport  Locations,  1971. 

These  studies  were  prepared  as  part  of  the  Regional  Airport  Systems 
Study  (RASS)  sponsored  by  the  Association  of  Bay  Area  Governments. 
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The  employment  data  presented  in  these  documents 
was  generally  provided  by  a  data  base  developed  from  a 
1965  survey  conducted  by  the  Bay  Area  Study  Commission 
(BATSC)  and  many  of  the  conclusions  presented  in  the 
Draft  EIR,  with  regard  to  employment  impact,  were  based 
upon  1965  data  and  extrapolations  therefrom. 

An  effort  was  undertaken  as  part  of  this  study  to  up- 
date the  data  base  for  employment  in  airport-related  sectors 
of  the  Bay  Area  economy.  Included  in  these  sectors  were: 

Air  transportation 
Concessionaires 
Hotel/ motel 
Government 

The  primary  instrument  employed  to  update  the  data 
base  was  a  mail-out  questionnaire  which  was  sent  in  January, 
1975  to  individuals  and  firms  listed  on  SFIA's  airport  tenant 
list  and  then  a  follow-up  mailing  of  the  questionnaire  to  non- 
respondents  in  the  first  mail-out .  This  effort  produced  76 
responses  from  a  population  of  101.  The  data  and  information 
produced  by  this  survey  were  supplemented  by  data  received 
in  partial  returns  from  a  similar  survey  conducted  by  SFIA's 
public  relations  department  in  August,  1974.  Information 
concerning  hotels  and  motels  within  a  2 . 5  mile  radius  of  SFIA 
was  provided  by  the  San  Mateo  County  Development  Association 
and  cross-checked  with  hotel/motel  respondents  to  the  1975 
survey . 
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The  results  of  these  various  data  collection  efforts  were 
combined  and  tabulated.   From  reported  employment  data,  em- 
ployment estimates  were  prepared  for  non-respondents  based 
upon  similarities  to  respondent  firms.   Exhibit  H-7  presents 
the  employment  data  produced  from  these  for  SFIA  activities . 

The  basic  employment  level  associated  with  the  airport 
was  compared  with  the  projections  of  employment  based  upon 
data  presented  in  the  Draft  EIR.   The  projections  for  air  trans- 
portation employees  (approximately  20,200)  in  the  EIR  closely 
corresponded  to  air  transportation  employment  (20,974)  re- 
ported in  1975.   The  addition  of  1975  concessionaire  employment 
produced  a  significant  difference  (22,365)  as  compared  to  the 
air  transportation  category  used  in  1965. 

A  more  significant  difference  appeared  in  hotel/motel  employ- 
ment.  Interpolation  of  a  1975  value  for  the  EIR  data  produces  an 
estimated  hotel/motel  employment  of  approximately  1,000.  The 
estimate  developed  from  the  1975  survey  (2,164)  is  more  than  double 
the  1965  based  value  and  is  indicative  of  rapid  growth  of  hotels  and 
motels  in  the  area  of  the  airport . 
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EXHIBIT  H-7 
San  Francisco  International  Airport 
AIRPORT  -RELATED  EMPLOYMENT — 1 9  7  5 


 Category   Employment 

y 

Air  Transportation  20,974 
Concessionaires  1,434 
Hotel/Motel  2,164 

2/ 

Government  1,860 
Total  26,432 


\J  Includes  7,990  United  Airlines  Maintenance  Division  employees. 
2/       Includes  250  U.S.  Coast  Guard  Air  Station  personnel. 
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A  smaller  disparity  exists  between  the  1975  level  of  government 
employees  (less  the  U.S .  Coast  Guard  personnel  who  were  judged  to 
be  unrelated  to  commercial  air  transportation  operations  of  SFIA)  . 
The  1975  level  was  1,608  while  the  1965-based  interpolation  was 
approximately  1,200. 

Given  the  disparities  between  1975  survey  based  employment 
levels  and  interpolations  of  1965  projections,  it  was  decided  that 
projections  of  employment  based  upon  1982  and  1990  air  passenger 
levels  should  reflect  emphasis  on  1975  empirical  evidence.  Employ- 
ment in  each  of  these  four  categories  was  assumed  to  have  a 
relationship  to  annual  air  passengers.   Ratios  were  developed  for 
each  of  the  employment  classifications  as  a  function  of  1974  air 
passengers  (17.4  million)  .   Employment  levels  in  each  classification 
were  then  expanded  as  a  function  of  passenger  levels  for  1982 
(25.3  million)  and  1990  (32.8  million)  based  upon  the  ratio  of  pas- 
sengers to  employees  identified  for  1975.   The  exceptions  to  this 
general  rule  were  air  transportation  and  government.   For  air 
transportation  two  ratios  were  developed;  the  first,  for  employ- 
ment other  than  United  Airlines'  maintenance;  the  second,  for 
United  Airlines'  maintenance  employment.  Non-maintenance  ratios 
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of  1,540  passengers  per  employee  in  1982  and  1,800  passen- 
gers per  employee  in  1990  were  used  for  these  respective 
years.   These  ratios  are  extrapolations  of  1965  and  1975  data 
points .   An  extrapolation  of  maintenance  employees  was  pre- 
pared independently  and  was  based  upon  the  1965  and  1975 
data  points . 

Government  employment  was  extrapolated  as  a  function  of 
passenger  levels  from  a  base  number  which  excluded  the  252  U.S. 
Coast  Guard  personnel .   These  personnel  were  assumed  constant 
throughout  the  study  period  and  simply  were  added  to  the  passenger- 
based  projections  of  other  government  employees  for  1982  and  1990. 

Exhibit  H-8  presents  the  projections  of  airport-related  employ- 
ment based  upon  1982  and  1990  passenger  levels.   These  projections 
show  overall  increases  in  employment  of  7,218  from  1975  to  1982  and 
13,055  from  1975  to  1990. 

The  responses  to  the  survey  also  produced  data  concerning 
the  geographic  distribution,  by  county  of  residence,  of  employees. 
This  distribution  was  as  follows: 

San  Mateo  County — 50.  7  percent 
San  Francisco  County — 17.0  percent 
Alameda  County — 13.  7  percent 
Santa  Clara  County — 9. 8  percent 
Contra  Costa  County — 1.9  percent 
Masin  County — 1.8  percent 
Other — 5.1  percent 
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EXHIBIT  n-8 

San  Francisco  International  Airport 

PROJECTIONS  OF  AIRPORT - 
RELATED  EMPLOYI^.IEMT 


Classification 


1982 


Employment 


1990 


Air  Transportation 
Concessionaires 
Hotel/Motel 
Government 


25,829 
2,085 
3,146 
2,590 


29,422 
2,703 
4.079 
3,283 


Totals 


33,650 


39,487 
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As  can  be  seen  from  these  data,  SFIA  exerts  a  power- 
ful employment  effect  on  four  counties  in  particular  —  San  Mateo, 
San  Francisco,  Alameda  and  Santa  Clara.   It  appears  reasonable 
to  assume  that  the  existing  geographic  distribution  of  employees 
by  residence  is  an  indicator  of  future  distributions ,  Combining 
that  assumption  with  projected  levels  of  employment  leads  to  the 
conclusion  that  SFIA  will  exert  an  increasingly  significant  employ- 
ment effect  throughout  the  study  period . 

(4)      Airport-Related  Payroll  Effect 

The  1975  survey  included  collection  of  data  concerning  airport- 
related  payroll.   These  data  comprised  the  basis  for  the  estimates  of 
total  airport-related  payroll  provided  in  Exhibit  H-9 . 

The  projections  for  1982  and  1990  payroll  were  developed  by 
applying  projections  of  1982  and  1990  employment  levels  to  projected 
salary  levels  for  each  classification  of  employees .    The  projected 
salary  levels  were  derived  from  the  1975  survey  data.   The  payroll 
effect  generated  by  SFIA  is  obviously  very  significant  for  the  Bay 
Area    and  will  increase  in  importance  in  the  future.   By  1990,  for 
example,  it  is  anticipated  that  airport-related  functions  will  be  a 
billion  dollar  industry  in  terms  of  payroll  generation . 
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EXHIBIT  H-9 

San  Francisco  International  Airport 
AIRPORT-RELATED  PAYROLL 


Payroll 
($  X  10^) 


Classification  1975  1982  1990 


Air  Transportation  374.0  621.8  918.2 

Concessionaires  15.0  29.4  49.4 

Hotel/Motel  13.2  26.0  43.7 

Government  19.6  36.8  60.4 

Totals  421.8  714.0  1071.7 
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(5)      Expenditure  Effect 

Economists  have  long  recognized  the  existence  of  an  ex- 
penditure, or  multiplier  effect.   The  basic  premise  upon  which 
the  effect  is  predicated  is  the  process  of  consumer  spending 
which  generates  additional,  or  multiplied,  spending.   The  pur- 
pose of  analyzing  the  expenditure  effect,  through  use  of  a  multi- 
plier is  to  determine  the  overall  income  injection  into  the  econo- 
my of  the  study  area  as  a  result  of  wage  and  salary  earnings  and 
spending  habits. 

For  the  purposes  of  illustrating  the  potential  expenditure 
effect  attributable  to  airport-related  payrolls,  a  multiplier  of 
two  was  used .  This  means  simply  that  each  dollar  of  payroll  ex- 
penditure generates  a  total  re-spending  of  one  dollar.   Such  a 
multiplier  is  commonly  used  in  studies  of  this  kind.  (See  for 
example  Waldo  &  Edwards ,  Inc . ,  The  Economic  Impact  of 
Los  Angeles  International  Airport  on  Its  Market  Area. 

Application  of  the  multiplier  to  the  payroll  data  presented 
in  previous  paragraphs  produced  the  total  payroll  expenditure 
effect  shown  in  Exhibit  H-10.   The  projected  expenditure  effect 
in  J990,  for  example,  shows  that  airport- related  payrolls  will 
comprise  in  excess  of  $2  billion  in  injections  to  the  Bay  Area's 
income  stream. 
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Year 


Airport  Configuration 


1974 


Existing 


1982 


No  Further  Development 


Proposed  Development 


1990 


No  Further  Development 


Proposed  Development 
W/O  BART 


Proposed  Development 
W/  BART 


EXHIBIT  H-10 
San  Francisco  International  Airport 
AIRPORT  INDUCED  EXPENDITURE  EFFECT 


Expenditure 
Effect  ($  X  10^) 


843.6 
1,427.2 
1,427.2 
2,142.8 

2,142.8 


2,142.8 
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A  second  expenditure  effect  was  analyzed  which  is  not  directly 
related  to  airport  employment  but  is  related  to  the  presence  of  the  SFIA 
and  the  number  of  passengers  the  facility  serves.   The  majority  of  pas- 
sengers (60  percent)  using  SFIA  are  non-residents  of  the  Bay  Area; 
thus,  they  must  be  considered  as  visitors  or  tourists.   As  such,  they 
make  expenditures  for  accommodations',  food  and  other  items  in  the 
area,    and  these  expenditures  are  injections  of  non-local  dollars  into  the 
local  economy. 

Data  provided  by  the  San  Francisco  Convention  and  Visitors  Bureau 
indicate  an  average  length  of  convention  of  4.5  days  and  average  daily 
expenditures  by  conventioneer  of  $55.39.   These  data  were  assumed  as 
applicable  to  visitors  passing  through  SFIA,  and  estimated  expenditures 
by  these  visitors,  while  in  the  Bay  Area,  were  developed.     These  esti- 
mates are  as  follows: 

1974— $1.3  billion 
1982  — $2.0  biUion 
1990— $2.5  biUion 

The  study  of  Los  Angeles  International  Airport's  economic  impact 
cited  previously  used  a  multiplier  of  1 . 45  to  determine  the  overall  econo- 
mic impact  of  tourist  and  recreational  expenditures  on  the  local  economy. 
Applying  this  same  multiplier  to  the  SFIA  related  data  gives  the  estimates 
of  the  overall  expenditure  effect  attributable  to  tourists  and  visitors  passing 
through  SFIA: 

1974— $1.9  billion 
1982— $2.9  biUion 
1990— $3.6  billion 
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Combining  these  expenditure  effects  with  the  airport- 
related  employment  expenditure  effects  indicates  that  SFIA 
exerts  a  tremendous  overall  expenditure  effect  on  the  area. 
The  magnitude  of  this  effect  is  estimated  to  be  as  follows: 

1974— $2.7  billion 
1982— $4.3  billion 
1990— $5.7  billion 

(6)      Airport-Related  Local  Taxes 

The  presence  of  an  industry  or  other  major  employers 
such  as  SFIA  is  often  viewed  as  a  mixed  blessing.   Such  an 
employer  does  provide  jobs  and  incomes.   On  the  other  hand, 
the  presence  of  the  industry  and  its  employees  imposes  a 
burden  upon  local  governments  with  respect  to  the  provision 
of  public  services  such  as  police  protection,  sewer  service 
and  schools .  While  it  is  not  the  purpose  of  this  study  to  resolve 
question  concerning  the  desirability  of  growth,  two  indicators 
of  the  effects  of  growth  are  presented  in  this  and  the  following 
section. 

The  imposition  of  a  demand  for  public  services  should  be 
considered  within  a  context  which  includes  offsetting  payments, 
in  the  form-of  taxes,  for  those  services.   Data  provided  repre- 
sentative  of  the  SFIA  indicate  that  airport  tenants  paid  $14,566,146 
in  local  taxes  in  1974. 
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While  no  reliable  methodology  is  available  for  projec- 
tions of  future  tax  payments  (due  to  the  probability  of  basic 
changes  in  the  tax  structure  during  the  forecast  period)  , 
general  projections  were  made  to  serve  as  an  indicator  of 
future  tax  payments.   These  projections  were  based  upon 
the  ratio  of  local  tax  payments  to  number  of  employees.  On 
the  basis  of  this  ratio,  local  tax  payments  of  $18.5  million 
and  $21.8  million  annually  were  projected  for  1982  and  1990, 
respectively.   These  projections,  it  should  be  noted,  are 
for  employer  paid  local  taxes  and  do  not  include  the  local 
tax  payments  made  by  employees. 

(7)      Airport-Related  Induced  Residential  Growth 

Induced  growth  is  an  important  impact  which  must  be  con- 
sidered as  part  of  the  overall  impact  analysis.   For  the  purposes 
of  this  section,  airport-induced  residential  growth  was  considered 
as  an  indicator  of  the  overall  effect  of  the  growth  in  passenger 
levels  and  concomitant  increased  employment  at  SFIA. 
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The  Draft  EIR  contained  data  derived  from  reports  by  Wilsey 
&  Ham,  and  Goldner,  et.al.  ,  cited  previously.  These  data  showed 
that  a  ratio  of  1,25  local  service  employees  was  required  for  each 
basic  employee.  Thus  the  addition  of  approximately  13,000  air- 
port-related employees  during  the  study  period  would  be  expected 
to  generate  approximately  16.4  thousand  local  serving  employees. 
The  combined  addition  of  these  airport-related  and  local-serving 
categories  would  total  29.4  thousand. 

The  Draft  EIR  also  produced  data  showing  that  each  job  was  anti- 
cipated to  add  approximately  1.5  persons  to  the  region's  population 
and  that  each  three  persons  added  to  the  population  generated 
the  need  for  one  residence .  Applying  these  coefficients  to  the  airport- 
related  and  local-serving  employment  increases  produces  a  projected 
population  increase  of  44. 1  thousand  and  an  associated  increase  in 
residences  of  14.7  thousand  by  1990. 

7.        SUMMARY  OF  BENEFITS  AND  COSTS 

The  preceding  sections  of  this  Appendix  have  presented  summary  de- 
scriptions of  the  effects  of  the  proposed  expansion  program.   Specific  indica- 
tors in  three  categories  —  environmental,  ground  access  and  socio-economic  — 
have  been  described . 
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The  purpose  of  this  section  is  to  provide,  based  upon  a  synthesis  of  the 
information  presented  in  previous  pages,  an  understanding  of  the  benefits  and 
costs  of  the  airport  expansion  program.   The  achievement  of  such  understand- 
ing requires  a  clear  perception  of  the  purpose  to  be  served  by  the  expansion 
program. 

As  noted  in  the  introductory  section  of  this  appendix,  recommendations 
were  set  forth  in  the  RASS  which  identify  SFIA  as  the  keystone  of  the  Ray 
Area's  air  transportation  system.   Consistent  with  this  role  are  the  assign- 
ments of  air  passenger  demand  to  the  airport  as  set  forth  earlier.   The  ex- 
pansion program  is  intended  to  accommodate  that  level  of  demand  in  an  efficient, 
effective  and  environmentally  acceptable  fashion. 

While  it  may  be  hypothetically  stated  that  existing  facilities  at  SFIA 
can  accommodate  the  increased  demand  levels  of  1982  and  1990,  information 
presented  in  Volume  I  of  this  report  clearly  shows  that  applying  reasonable 
criteria  for  terminal  sizing  versus  air  passenger  demand  indicates  the  need 
for  terminal  expansion  at  SFIA.   This  expansion  will  permit  the  accommodation 
of  increased  demand  without  compromising  service  to  the  traveling  public.  The 
expansion  program  must  be  viewed  and  evaluated  within  this  context. 

Critical  factors  to  be  considered  in  this  evaluation  include  the  benefits 
and  costs  of  the  program.   For  the  purpose  of  summarizing  these  benefits  and 
costs,  the  data  and  information  presented  in  previous  sections  of  this  appen- 
dix have  been  assembled  and  arranged  in  a  matrix  format.   Exhibit  H-11  depicts 
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this  matrix.  Review  of  the  elements  of  this  matrix,  in  conjunction  with  the 
preceding  narrative,  provides  the  basis  for  the  following  summary  comments 
insofar  as  the  benefits  and  costs  of  the  project  are  concerned: 

Environmental  —  The  benefits  and  costs  of  the 
project  as  evidenced  by  the  environmental  indi- 
cators presented  herein  must  be  assessed  within 
the  context  provided  by  a  question:   Does  the 
expansion  program  derogate  the  environment  of 
the  area?    To  that  question ,  on  the  basis  of  infor- 
mation presented  in  this  document,  the  answer 
must  be:    No,  the  program  does  not  derogate  the 
environment;  rather,  expansion  of  the  terminal 
provides  an  opportunity  for  improvements  which 
will  not  only  accommodate  air  transportation  de- 
mand efficiently  and  effectively,  but  also  does  so 
in  a  manner  which  enhances  the  environment. 
Specifically,  and  with  reference  to  Exhibit  H-11, 
direct  environmental  benefits  are  attributable  to 
the  expansion  program.   These  include: 

Improved  air  quality  as  a  result  of  less 
idle  time  for  autos  in  the  terminal  area 

Improved  quality  of  industrial  waste 
water  effluent  as  a  result  of  construc- 
tion of  a  new  treatment  facility . 

These  improvements  are  especially  significant 
when  it  is  remembered  that  the  expansion  pro- 
gram will  provide  for  accommodation  of  a  near 
doubling  in  passenger  levels. 

Ground  Access  —  Within  the  same  general  context; 
evaluated  above ,  that  is ,  does  the  program  dero- 
gate ground  access  conditions;  the  answer  must  also 
be  no.    The  ground  access  analysis  showed  that 
certain  on-airport  difficulties  will  persist  and  in- 
tensify throughout  the  forecast  period  unless  the 
expansion  program  or  similar  improvements  are 
consummated.    Specifically,  the  deplaning 
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curb  frontage  condition  is  overloaded  at  present . 
The  expansion  program  will  provide  essential 
improvements  in  this  area.    Without  such  im- 
provements, forecast  passenger  levels  would 
produce  chaotic  conditions  of  overcrowding 
in  this  area. 

Other  facets  of  the  ground  access  analysis  are 
noted  in  the  matrix .   In  each  of  these  instances , 
it  is  important  to  note  that  any  anticipated  dero- 
gation of  the  quality  of  service  is  attributable  to 
forecast  travel  demand  and  not  to  the  expansion 
program.    Further,  it  should  be  noted  that  the 
expansion  program  is  limited  in  scope  and  could 
not  be  expected  to  alleviate  certain  of  these  dif- 
ficulties; rather,  such  improvements  would  occur 
as  independent  developments . 

Socio-economic  —  Two  categories  of  socio-economic 
impacts  should  be  assessed  in  evaluating  the  expan- 
sion program.    First,  the  capital  cost  should  be 
weighed  against  the  expected  improvements  in  facil- 
ities and  conditions.   Second,  ancillary  socio-econo- 
mic effects  such  as  employment  and  expenditures 
should  be  considered. 

Incurrence  of  the  capital  costs  of  the  expansion  program 
will  permit  the  maintenance  of  a  reasonable  terminal 
sizing/passenger  ratio  throughout  the  forecast  period. 
As  noted  in  Volume  I,  Chapter  I,  the  existing  ratio 
of  boarding  passengers  per  square  foot  of  space  is 
22.4:  1.0.   Without  expansion,  this  ratio  would  increase 
to  an  untenable  42.4:1.0  in  1990;  thus,  the  expansion 
program  is  necessary  to  maintain  the  viability  of  SFIA 
as  the  Region's  major  air  carrier  facility  if  levels  of 
service  are  not  to  deteriorate  significantly. 

With  regard  to  ancillary  socio-economic  effects,  e.g.  , 
employment,  income,  and  expenditures,  the  tremendous 
impacts  of  SFIA  upon  the  Bay  Area  have  been  illustrated. 
While  it  must  be  conceded  that  many  of  these  impacts  are 
functions  of  air  transportation  demand  and  not  direct  re- 
sults of  the  expansion  program,  it  must  also  be  noted  that 
the  expansion  program  will  enhance  the  position  of  SFIA 
as  a  major  employer  and  economic  influence  in  the  region 
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On  balance  it  may  be  said  that  negligible  negative  effects,  or  costs, 
are  attributable  to  the  expansion  program  other  than  the  obvious  capital 
costs  to  be  incurred .   Weighing  these  capital  costs  within  the  context  of 
continued  viability  of  SFIA  as  a  major  hub  airport  fulfilling  its  assigned 
regional  role,  and  reviewing  the  environmental,  ground  access,  socio- 
economic and  air  travel  benefits  of  the  program  indicates  the  desirability 
of  the  expansion  program . 
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EXHIBIT  H-11 
San  Francisco  International  Airport 
^RY  OF  BENEFIT  AND  COST  INDICATORS 


Year 

Airport 
Configuration 

AIR 

SO 

CIO-ECON 

DMIC 

EMISSIONS 
Tons/Day 

Incc 
Ann 

Percent 
Transit 

Capital 
Cost 
$xl0.6 

Airport 
Related 
Employment 
xl03 

Airport 
Related 
PayroU 
$xl06 

Airport 
Related 
Expenditures 
$xl06 

Airport 
-Induced 
Residental 
Households 
xl03 

Passenger 
Demand 

Airport-R 
On-Air  px3  Ft 

elated 
Regional 

Vicinity 
Non-Airport 

1974 

Existing 

17.4 

37.1 

105.5 

42.5 

9 

- 

26.4 

421.8 

843.6 

- 

1882 

No  Further 
Development 

26.2 

32.4 

54.7 

11.3 

211 

11 

- 

33.7 

713.6 

1427.2 

8.2 

Proposed 
Development 

26.2 

31.3 

53.6 

11.3 

211 

11 

390.0 

33.7 

713.6 

1427.2 

8.2 

1990 

No  Further 
Development 

33.0 

31.7 

46.1 

8.9 

48 

12 

39.5 

1071.4 

2142.8 

14.7 

Proposed 
Development 
W/O  BART 

33.0 

31.2 

45.6 

8.9 

48 

12 

390.0 

39.5 

1071.4 

2142.8 

14.7 

Proposed 

Development 

W/BART 

33.0 

30.6 

44.1 

8.2 

48 

17 

641.0 

39.5 

1071 .4 

2142.8 

14.7 

EXHIBIT  H-11 
San  Francisco  International  Airport 
SUMMARY  OF  BENEFIT  AND  COST  INDICATORS 


IMPACTS 


ENVIRONMENTAL 

SOCIO-ECONOMIC 

AIR 

NOISE 

GROUND  ACCESS 

Capital 
Goal 
txlO  6 

Related 
Employment 
xl03 

Related 
PeyroU 
$xl06 

Related 
Expenditures 
SxloS 

-Induced 
Residentdl 
Households 

E-'.!ISSIOSS 

Incompatible  -Area 

Total  Residential 
Area  Acres 

Total  Aren 

Total  Residential 

Total  Area 

Water  Usage 
MGD 

Waste  Water 
MGD 

WASTE 

ENERGY 
BTU's/Year 

xioiz 

Total 
Vehicle 
Movements 
xl03 

Airpori- 
R elated 

VMT 

xl06 

Number  of 
Over  Capacity 

Percent 
Curb  Frontage 
Occupied 

Percent 
Access  By 
Transit 

Non-A.rpori 

Tona/Ycar 
xl03 

Or. -Airport 

Annual 

Seasonal 

Annaal 

Seasonal 

Annual 

Seasonal 

Annual 

Seasonal 

Annual 

Seasonal 

Industrial 

3T  1 

105  5 

42  5 

3 

3 

1269 

2142 

6338 

8768 

532 

1292 

4070 

8057 

1.8 

0.0 

1  2 

82 

98.8 

1-97 

6 

83 

9 

26.4 

421  8 

843  e 

IHl 

;£  : 

3:. 4 

54.7 

211 

350 

815 

1554 

4909 

7076 

438 

433 

3532 

3501 

2  6 

1  . 1 

13 

24 

98 

146.6 

3.26 

6 

100 

11 

33  7 

713.6 

1427-2 

8-2 

Pmposec 
D«velopseci 

26.: 

31.3 

53.6 

11.3 

211 

350 

815 

1554 

4900 

7076 

433 

433 

3532 

3501 

2.6 

1 . 1 

13 

24 

100 

146.6 

3-26 

6 

59 

11 

390-0 

33-7 

713.6 

1427. 2 

8  2 

So  FortiseT 
Deveiopsec; 

33  0 

31  T 

-JE  1 

8,9 

461 

942 

481 

942 

3325 

5142 

399 

434 

32B6 

3335 

3.4 

1  6 

1.3 

30 

106 

204.7 

4.70 

IS 

128 

12 

39.5 

1071,4 

2142,6 

14  7 

Prc?c=^ 
0  BAST 

33.0 

31.2 

45  6 

e  9 

481 

942 

481 

942 

3325 

5142 

399 

434 

3286 

3335 

3  4 

1-6 

1.3 

30 

108 

204.7 

4.  TO 

15 

75 

12 

380  0 

39.5 

1071 ,4 

2142. B 

33.0 

30  6 

44-1 

8.2 

4B1 

942 

461 

942 

3325 

5142 

399 

434 

3288 

3335 

3.4 

1,6 

13 

30 

107 

194.2 

4.45 

13 

71 

17 

641  0 

39.5 

1071,4 

2142. B 

14-7 

